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ON FOLIN’S THEORY OF PROTEID METABOLISM. 
By D. NOEL PATON. (Three Figures in Text.) 


(From the Research Laboratory of the Royal College of 
Physicians of Edinburgh.) 


In a recent paper’ Folin advances two important theories as to the 
nature of proteid metabolism in‘ the animal body. 

The method by which he has attacked the problem is totally 
different from that employed by previous investigators. Instead of 


considering the nitrogen intake and output he has carefully studied 


the variations in the chemical composition of urines from healthy 
individuals on flesh-free diets containing varying amounts of proteids, 


and from a study of his results he concludes :— 


Ist. That proteids are of secondary importance, inasmuch as their 
nitrogen is split off by hydration and at once eliminated, leaving the 
carbon and ‘hydrogen containing part to be oxidised and to thus yield 
energy as it is yielded by the carbohydrates and fats. 

~ Qnd" That the proteid metabolism of the cells which is the essential 
part of their activity, may be distinguished from a non-essential and 
variable metabolism which seems to have for its purpose the elimination ~ 
of nitrogen to render the proteid available as a source of energy (p. 130). 
_ These theories are of considerable importance, and I propose to con- 
sider them in the light of evidence which I have — | in the | 


course of various metabolic studies. 


1. The uboriiiete Place of Proteids as a source of Energy. This 
conception is one which must have been in the minds of students of 


metabolism for many years, but none have had the courage to advance 


it in so definite a form and to break away from the influence of Liebig’s 
teaching and the theories of Voit and Pfliiger. 

So long ago as January, 1887, I ventured to ventilate a somewhat 
similar view before the Pathological Club of Edinburgh. From a 


1 Amer. Journ. of Physiol. xmt., p.117. 1905: 
PH. XXXIII. 7 l 
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consideration of the small increase in the loss of nitrogen during 
muscular activity, when the supply. of oxygen and of carbohydrates is 
adequate, and from the fact that the nitrogen is excreted as urea when 
the supply of these substances is inadequate, I concluded that in the 
katabolism of the muscle protoplasm, the nitrogen containing part must 
be capable of again being built up, combined with the oxygen and 
— carbohydrates supplied—that in fact the metabolism of muscle might be 


represented as in the following figure :-—~ 


Hence, no very. large supply of proteid is necessary for ordinary 
muscle metabolism, and, when any excess of proteid is taken, the nitrogen 
is split off—I thep believed in the liver—and excreted as urea, while 
the rest of the molecule is changed to sugar or glycogen— 
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Further, from the fact that in fastinig the sugar of the blood docs 
not diminish in amount, but is always supplied from the liver, while the 
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PROTEID METABOLISM. 3 


proteids of the various organs disappear—their nitrogen being eliminated 
as urea—I suggested that these proteids must be carried to the liver _ 
and there split up into urea and a molecule yielding sugar to be used as 

a source of energy by the tissues. : 

This conclusion—that the nitrogen of the proteids may he dealt 
with as a waste product and at once got rid of—seemed to me to be 
supported by the rapid elimination of the nitrogen of the proteid part 
of hemoglobin, when it is liberated from the corpuscles by such drugs 
as pyrogallic acid’. 

At that time our knowledge of the decomposition of proteids in the 
alimentary canal was very limited, and no one understood the possible 
significance of the production of amido-acids from proteids in pancreatic 
digestion. But, since the action of erepsin has been demonstrated, and 
4 since Nencki and Zaleski have shown how ammonia is formed in the 
q intestinal wall and carried thence to the liver as ammonia compounds, 
_ we have a clearer picture of the fate of food proteids. 

The way in which the globin of hemoglobin and the proteids of | 
| tissues in fasting have their nitrogen split off is still obscure, but the 
a recent observations of Vernon upon the wide distribution of erepsin in 
_ the tissues render it highly probable that this splitting occurs not only 

in the intestine, but in other tissues and in the liver. 
Hence the modern conception of proteid metabolism ~ be repre- 
' sented by the following diagram :— 


TISSUE PROTE/ 


a ae nor” 


OM weresrine 


Megat” 


q Fig. 8. 
- Such a view does not exclude the absorption, as such, of a suffi- 
‘ cient quantity of proteid for the building and repair of the tissues in 


1 Brit. Med. Journal, p, 483, 1886, 
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the. body, and it helps to explain how it is possible to maintain a.nitro- 
genous balance on such small amounts of: proteids as those recorded by 
Sivén and by Chittenden. The first was able to do so in his own 


person on an intake of 6:2 grm. of nitrogen; while, on a larger series _ 


of individuals, the latter-found that-an intake of between 8 and 9 grm. 
of nitrogen was sufficient to maintain health and —— in adult men. 


The Endogenous and Eaogenous. Metabolism. The theory that. 
the endogenous or essential and exogenous: or non-essential meta- 
bolisms are independent, of one another Folin. bases upon the 
findings :— 

(1). That the amounts of creatinin and of sulphur in 


combinations are fixed. quantities.in each individual irrespective of. the 


amount of proteid in the food. 
. (2). That the amounts. of uric acid and ammonia.vary, with. the 
amount of proteid taken only within narrow limita. 
(3). That the amounts of urea and, inorganic sulphates are propor 
tionate to the amount of proteid taken. 
_ From these observations. he draws the conclusion: (p. 123)—“ that 
the metabolic processes resulting:in the end products which tend to be 


constant in quantity appear to be indispensable for the continuation of 


life ; or, to be more definite, these metabolic: processes probably constitute 


an essential part of the activity which, distinguishes living :cells: from: 


dead ones. I would therefore call the protein metabolism which tends 
to be constant, tissue metabolism, or endogenous metabolism, and the 
other, the variable protein metabolism, I would call the exogenous or 
intermediate metabolism.” 

The conception of the dual character of proteid aaialicin is 
important and valuable. It is clearly indicated in the scheme in which 
I have endeavoured to indicate the course of proteid metabolism, 
although the view expressed in that scheme is different from that 
advanced by Folin. According to his view the endogenous metabolism 


would have to be expressed by a line passing directly from muscle to 


kidney. 

But it appears to me that the groundwork of the urinary analyses 
upon which Folin bases these conclusions is capable of another inter- 
_Pretation, and that i in fact, it than his theory. 
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PROTEID METABOLISM. 


(a) ‘Urea and ‘Non-wrea Nitrogen. 
Methods. In his paper “On the Laws Governing the Chemical 
Composition of the Urine’” he expresses surprise that no one has 


_ previously appreciated the fact that “urea is the only nitrogenous 


substance which suffers a relative as well as an absolute diminution with 
the diminution in the total proteid metabolism,” and he concludes that 
this is due to the use of faulty methods by other investigators. 

In ‘the first place, I am not prepared to admit that Folin’s own 
method is superior to that of Mérner and Sjéqvist. Both methods 


have fallacies, and Mérner* now adopts a combination of the two, which 


helps to eliminate the fallacies of both. 

It has been urged against Mérner and Sjéqvist’s methods that 
hippuric acid and creatinin are not precipitated by the barium mixture 
and that they give off their nitrogen as ammonia in the further treatment. 
This .may be admitted as regards hippuric acid without materially 
invalidating the method in the examination of the urine of man and 
such animals as the dog. As regards creatinin the evidence is some- 
what.conflicting. Bodtker* finds that creatinin is precipitated, but 
Mérner in his last paper admits that it constitutes a possible fallacy. 
The tests of his method recorded by Folin as made upon Mérner 
and Sjéqvist’s filtrate‘ show how small this possible fallacy is. 

Folin’s own method also has fallacies. For even if the criticism of 
Arnold and Mentzel® is disposed of, it is known that such a body as 
allantoin is decomposed by the hydrochloric acid and gives off ammonia. 
This error Mérner nearly onthaly eliminates by first precipitating by 
his barium mixture. 

In the small experience I have had of Folin’s method I confess that 
I have felt the difficulty of being sure when all the urea has been 
decomposed, since the titrations of the duplicate analyses are frequently 
80 airaerent, while in the other methods this difficulty is not ex- 
perienced. 

In my older experiments Bohland’s method for the estimation of 
urea nitrogen was used. I believe that with proper precautions—such 


as always diluting the urine to about the same specific gravity, 1012 to 


1 Amer. Journ. of Physiol, p. 94. 

2 Skand. Arch. f. Physiol, xtv. p. 297. 1903. 
Zisch. f. phys. Chem. p. 140. 

Ibid. xxxm. p. 504. 

5 Ibid. xxxvi. p. 49. 

© Arch. f. d. ges. Physiol. xxxv. p. 199. 1885. 
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6 N. PATON, 


1015, always using Merck’s acid and always making sure that aia 
of the phospho-wolframic and hydrochloric mixture is added—this 
method is quite reliable in all ordinary urines of man and dogs. 

The following series of analyses giving the per cent. of urea nitrogen 
in the urine of the dog by this method and by the method of Mérner 
and Sjiqvist show this very clearly and confirms the results of 
v. Jaksch! (see also Exp. Vil. p. 7). 


Date M. and 8. Bohl. Date . M. and 8. Bohl. 
20. 2 "734 "784 26 "826 832 
“711 27 “725 “736 
‘22 “781 “770 28 983 ‘980 
23 664 "678 1.8 "697 “708 
24 6838 2 “904 "916 
25 "866 8 “789 “159 


Results. There is no doubt that Folin is perfectly right in the 
observation that variations in the supply of proteids are accompanied by 
variations in the proportion of urea nitrogen. 

Along with Dr J. C. Dunlop, I have made an observation upon the 
influence of a low proteid diet upon the distribution of nitrogen in the 
urine of man’. In this and in the succeeding analyses the creatinin 
was not determined. The subject, who weighed 50 kilos, lived for five 
days exclusively on bananas. 

The nitrogen intake per diem was 1°21 grm. The output was: 


Uric A. Ammonia N 


lst 8°92 3°30 84 *808 78 *112 28 
2nd 4°25 8°58 T1 2-2 
8rd 2°96 2°26 76 "B45 11°6 061 2 

4th 8-088 2°35 76 *833 10°8 -084 27 


9°3 27 


While upon this very low proteid diet there was a marked fall in 
the proportion of urea, the uric acid and ammonia were practically 
unchanged, 

In the dog‘ I have observed similar variations in the urea nitrogen. 
_ When three dogs of about 25 kilos, which had fasted for two days, were 


fed with flesh containing respectively 29, 34, and 34 grm. of nitrogen, 


1 Ztsch. f. physiol. Chem. xu. p. 128. 1903-4. _ 

2 Proc. Royal Soc. Edin. p. 498. 1905. 

3 By a misprint these figures in the Table on p. 500 read 2°35 and 2°68. 
* This Journal, xxv. p. 446. 1900. 
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PROTEID METABOLISM. 


a rise in.the proportion of urea nitrogen, by Bohland’s method, occurred 
from: 81 to 99, from 86 to 90, and from 70 to 90,:in spite of the fact that 


-creatin was taken in the flesh. In these observations the maximum was 


reached between the 4th and 6th hours after feeding in the first two, and 
between the 2nd and 4th, and again between the 12th and 24th hours in 
the last. 

Again, in another experiment, the ingestion of boiled cod containing 
79 grm. of nitrogen bya dog which had fasted for 48 hours caused a rise 
of the urea nitrogen from 81°7 to 89 per cent. of the total, with a fall to 
83 per cent. next day, although the excess of nitrogen was not even then 
eliminated. 

Quite recently in connection with some work not yet published on 
the effects of chloroform, the following figures were obtained by Mirner 
and Sjiéqvist’s method. 


Exp. VI. Dog. 
Total Per cent. of 
Day perday Nitrogen 
1. Oatmeal and milk 4°70 81 ‘ 
2. ” ” 3°84 82 
8. Fast eee 2°83 78 
4. Flesh ... 21:23 89 
5. Fast... 2°84 83 
6. Oatmeal and milk 5°38 83 
Total Per cent. of 
—— Urea Nitrogen 
1. Oatmeal and milk ow. 83 
2. Fast... 83 
3. Flesh 900 grm. --. 23°16 90 
4. Oatmeal and milk aki 5°15 81 
Exe. VIL 
Per cent. of Urea Nitrogen 
Total Nitrogen 
Day per day Bohland Morner 
1. Fast . 8°54 82 84 
2. Fast ... 3°59 83 83 
3. Fast ... 4°41 (84 83 
4. About 2°5 kilos boiled cod (86°46. 89 92 
5. Fast . 5°66 84 85°6 


The fact that in the dog upon the proteid-poor diet of oatmeal 
‘porridge and milk and during fasting, so large a proportion of the 


nitrogen is passed in urea, tells strongly against the view of the distinct 


1 This Journal, xxv. p. 448. 1900. . 
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8 
and separate nature of the end products of the endogenous and exogen- 


ous proteid metabolism. It might be argued that the urea nitrogen — 


excreted during fasting is derived from what Folin calls the “reserve 
proteid” stored in the body or from the proteid-which is being»taken 
from the less essential organs to be used by the more essential, and that, 
to make it thus available, its nitrogen has to be split off. But that it 
has to undergo this preliminary splitting has yet to be proved. 

Whether directly or indirectly in fasting, the proteids of the body 
are a source of energy, and their decomposition to yield energy may be 
measured by the nitrogen excreted, and hence they must be considered 
as taking part in the endogenous metabolism, although the product. of 
their katabolism is urea. 

In the dog I have met with one case in:which the progortion 
of nitrogen in the urine was abnormally low’. This was:a spleenless 
animal which two months previously had yielded a urine containing 
during two days of fasting the usual 83 and 85 per cent. of nitrogen in 
urea, but which ‘when brought under observation was found to have 54 
aid 66 per cent. of urea nitrogen on the two days of fasting; under the 
administration of thymus the urea nitrogen rose to 90 per cent., to again 
fall on the next day to 57 per cent. The dog was healthy and I was 

not able to find any ——" of the condition. — 


(b) Owidised and Sulphur. 


As regards the excretion of sulphur in neutral and fully oxidised — 


conditions, I found in the feeding experiments already referred to’ that 
the oxidised sulphur rose very markedly after a proteid diet, in one 
‘experiment from 58 to 64, and in another from 49 to 64 of the total. 
But the neutral sulphur was also increased, in one experiment from 
0'49 grm. per diem in the second day’s fast, to 1°24 grm. per diem on 
the day of proteid feeding, and in another experiment it rose from 
0°44 grm.on the fasting day to no less than 1°33 during the last 16 hours 
of the day of proteid feeding. 

These results seem to show that the conclusion as.to the excretion 


of neutral sulphur arrived at by Folin from ‘his observations on men, 


cannot be applied to the metabolism of the dog. 


_ At the end of his paper, Folin:considers “the effect of work upon 
protein metabolism.” His statement “that moderate, or even severe 


! This Journal, xxv. p. 459. 1900. ® Ibid. p. 446 et seq. 
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activity of the hepatic metabolism. 


PROTEID METABOLISM. 9 


muscular work does not increase the metabolism of protein ” (p..138) is 
hardly. supported : by facts, and hence his idea that. it is impossible to 
investigate the question of whether the endogenous metabolism is 
influenced by muscular work “by means of urea or even total nitrogen 
determinations because the effect of work on these constituents is so 
slight,” does not:seem to me valid. 

With the vast majority of other investigators who have studied this 
subject I find. that muscular work does increase the protein metabolism. 
Thus! along with Dunlop, Stockman, and Macadam I found in two 
men in nitrogenous equilibrium a very distinct rise in the excretion of 
nitrogen after severe muscular work, and this rise was accompanied 
by an increase in the urea nitrogen, as is shown by the following 


Exp. I. From 13:4 to 16°8 From 25. to 32 grm. per diem. 
Exp. III. From 18°8.to 18°5 From 26 to 36 ,, 


while the non-urea nitrogen showed the following change : 


‘RxpiIls Rose. from 0°62 to 1:05 grm. 
Exp. III. Rose from 0°89 to 09. ,, 


‘Por cent. of total Nitrogen 


| Ns Hy NHs OtherN Ne By NH, Other N 
Exp. I. 90°4 49 47 87-7 6-0 68 
Exp. 879 6-4 89:3 5:8 4:9 


In Exp. 11. the increase in fact involved urea nitrogen, ammonia 
nitrogen, and other nitrogen to about the same extent. 

A weak point in Folin’s theory of the distitictly dual nature of the 
products of endogenous and exogenous metabolism is the fact that uric 
acid which he seems to consider a product of endogenous metabolism, is 
capable of being changed into urea—while ammonia, which behaves 
much like uric acid under variations in the amount of food ‘Protest, is 
also a precursor of urea. 


Folin’s results may be explained by variations in the 


It is in the liver that the ammonia compounds, purin bodies, etc. 
are changed into urea, and a study of the influence of various diets 


1 This Journal, xx. p. 69. 1897. 
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upon the flow of bile shows that proteid diet specially stimulates hepatic 
‘metabolism. Hence on a proteid-poor diet the hepatic metabolism 
must be sluggish and must therefore fail to convert a large quantity of 
the waste nitrogen into urea, while on a proteid-rich diet the conversion 
must be much more complete. As with the nitrogen, so with the 
_ sulphur, the amount of which is completely oxidised, must: be determined 
by the activity of the changes in the liver. 

This explanation seems to be supported by the influence of certain 
drugs upon the distribution of the nitrogen in the urine. Eason and 
T found that in the dog under the influence of sulphonal the proportion 
of urea nitrogen fell from 84 to 74 per cent. of the total, under coal gas 
from 79 and 81, to 75 and 75 in two experiments, and under alcohol 
from 79°5 to 73. Under coal gas the proportion of fully oxidised sulphur 
to the total fell from 69 to 54 per cent. 

The total non-urea nitrogen rose on an average in these two 
experiments from 19 grm. per diem to 2°6 grm., while the wnoxidised 
sulphur rose from ‘65 to 1:12 grm. per diem. 

The action of the toxin of diphtheria in the dog also seems to point in 
the same direction. With Dunlop and Macadam’ I found that under 
the influence of this toxin the proportion of urea nitrogen was reduced 
from 88 to 82 per cent. of the total and that the oxidised sulphur fell 
in one experiment from 75 to 40, and in another from 45 to 24 per cent. 
of the total, while the csi of total sulphur was not markey 
modified, 

It seems to me therefore that Folin will do well not to base his 
important conception of the two modes of proteid metabolism too 
exclusively upon the distribution of nitrogen in the urine of the patients 
he has examined, and that he must be prepared to find that urea is an 
end product of both his exogenous and endogenous metabolisms. 


1 This Journal, xxvi. p. 166. 1901. 
Ibid, xxtv. p. 881. 1899. 
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ADDENDUM. 


Since writing the above, I have been able to make some observations 
on the excretion of creatinin in the dog by Folin’s colorimetric method. 
The following table gives the main results. 


Total Actual 
Nitrogen Nitrogen 2 
5°94 . 0°15 25 | Oatmeal and milk. . 
2°74 0°037 14 No food. 
6/18 0°129 20 Oatmeal and milk. 
4°41 0-105 2-4 No food. Chloroform. 
8°99 0°18 14 Oatmeal and milk. 
7°84 0°118 1% 
-6°50 0°126 19 
5°33 0°105 197 
B64 0°066 19 
861 0°126 14 +5 eggs. 
8°54 0°059 15 Fast. | 


1 


The creatinin in this series of observations does not show the same 
steady daily secretion, irrespective of the amount of proteid food and 
the total nitrogen excreted, which Folin found in the human subject. 


The excretion on the 9th, 10th, and 11th days seems to indicate that in 


the dog there is a relationship between the production of creatinin and 
the intake of nitrogen. | 
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OSMOTIC PRESSURE OF SOLUTIONS OF HMO- 
GLOBIN. Br E, WAYMOUTH REID, Professor of 
Physiology in University College, Dundee, St Andrews University. 


THE negative results detailed in a previous paper” concerning 
osmotic pressure in solutions of certain proteids separated by crystalli- 
sation or salting out from their native fluids apply, of necessity, only to 
the particular proteids used, and for the conditions obtaining in the 
experiments there set down. 


In the following, the results of a few experiments on similar lines, — 


but dealing with hemoglobin, are recorded. 

This substance possesses many characteristic properties in which it 
differs from other proteids, and according to Gamgee™ is a feeble elec- 
trolyte and’ therefore in water must be in a state of true solution. The 
possibility of error in conductivity experiments, from the presence of 
imponderable traces of ‘salts or other electrolytes, has however induced 

me to test the question of solution again by the osmotic method. —- 


PREPARATION OF MATERIAL. 


The hemoglobin used has been throughout that of the dog. The 
corpuscles were spun out from the freshly defibrinated blood, and sub- 
jected to a very thorough process of washing. Every 50c.c. of corpuscle 
paste was stirred up and washed with six or eight (sometimes ten) 
successive lots, each of 50 c.c., of 1°/, sodic chloride solution, and in the 
removal of a “wash” from the corpuscles the supernatant leucocytes 
were sucked away with the pipette. The washing process occupied 
about eight hours in all, when 600 c.c.—1000 c.c. of original blood were 
in treatment, 

The hemoglobin was liberated from the washed corpuscles by the 
mechanical method introduced by Schuurmanns-Stekhoven® of 
shaking in an equal volume of the salt solution or water, for two hours 
or so, with a short-fibred asbestos. This method has two advantages. 
ss the first place the greater part of the structural material of the 
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corpuscles: is left: adherent. to the asbestos. fibre. In the second place, 
as only a volume of fluid equal: to that of the corpuscle paste is 
required for laking under these conditions, a highly concentrated 
solution of hemoglobin results, in which crystallisation occurs very 
rapidly. Any asbestos not left behind in the shaking bottle is 
spun out on the centrifugal machine, and the fluid filtered: arog 
paper in the ice chest. 
Crystallisation of hemoglobin can be brought about: in the cold 
_by- additions of alcohol, ether, acetone etc. to its solution, or-at room 
temperature by certain salts as ammonium sulphate (Dittrich and 
Schulz), and: ammonium: oxalate (Reichert). Considerable time 
was devoted to deciding upon what might be called the least injurious” 
of; the multifarious: methods which have been and which 
L.refrain from discussing i in detail here. 
The. main: danger in procedures with alcohol or ether is the pro- 
duction of insoluble pseudomorphs—the inevitable end-result of using 
the neutral salt, method, (vide especially. Dittrich, loc. cit.) is the 
production. of: methamoglobin in. variable amounts. 
The final: methods of crystallisation, both carried out in the.ice chest, 
were: 
1. Suspension of the “laked blood” in a dialyser in 35 , alcohol, 
using about equal volumes of the solution and the weak alcohol, after 
the method introdaced by Arthus™, the dialyser being sometimes 
removed from the alcohol as soon as cavuade were noted. 
2. Addition of one-fifteenth volume of pure ethyl-ether. — 
If the solution of hemoglobin i is sufficiently concentrated for a good 
magma of crystals to form in a few hours, the crystals may be separated 
before any. insoluble .pseudomorphs have formed, but with weaker solu- 
tions.in. which the action of alcohol or ether must be — over. 
night, this desirable resultis hardly attainable. 
_ The neutral.salt methods were of course discarded .on account a the 
production.of methzmoglobin... | 
The. crystals. were spun out, the liquor and the 
process.of. washing the crystals next undertaken. At first. washing: was 
conducted: with ice-cold water, the centrifugal apparatus being enclosed. 
in a metal case with double walls holding ice and salt, but latterly. 
washes .with 20°/,,aleohol. cooled to —7° C. were employed, about. 20'c.c. 
of crystal paste being:stirred up in 100 c.c. of the cold weak.alcohol and, 
the. crystals spun ‘out, the process being repeated in all three times, using 
fresh wash fluid each time. 
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Since the membrane used for the osmotic experiments was permeable 
to alcohol the presence of this substance did not affect the end-result, and 
by its use, the enormous loss of material which occurs with water alone 
as a wash fluid was prevented. Occasionally a wash with ice-cold water 
followed the last wash with weak alcohol, but no distinct effect on the 
final osmotic pressure was noted when this addition was made to the 
regular procedure. 

Solution of the washed crystals followed in water at 35° C., after 
which the fluid was set to dialyse in the ice chest, to remove as much 
alcohol as possible. 

When recrystallisation. was undertaken, the whole of the above 
process was repeated previous to the final dialysis. | 

Solutions of hemoglobin prepared as above when subjected to ultra- 
microscopic examination prove to be of the same order of “ optical 
emptiness” as distilled water prepared by an ordinary still, 1.¢. with no 
special precautions for dust exclusion. The appearance is in marked 
contrast: to: that of “solutions” of freshly. crystallised ovalbumin, in 
which a strong milky streak crosses the field. A little crystallised oval- 
bumin dissolved in the hemoglobin solution at once makes itself evident 
by a streak in the previously “ almost empty” scarlet fluid. 


ESTIMATION OF CONCENTRATION OF SOLUTIONS. 


Since the spectrophotometric method allows of the easy detection of 
the small amounts of methemoglobin which are so liable to arise at 
‘some period of the somewhat lengthy process of preparation of solutions 
of hemoglobin, and since my solutions had to be in an osmometer at room 
temperature for at least four days before estimation, I used this method 
of determining the concentration. Unless the solution in the osmometer 
at the end of the pressure experiment and after thorough oxygenation 
gave a ratio of extinction coefficients within the values worked out 
by Hiifner® for oxyhemoglobin the experiment’ was discarded. 
The imposition of this rule, though at first leading apparently to 
great loss of labour, in the end, by the care ‘it necessitated at every step, 


gave a confidence in results which other methods of estimation would 


probably not have yielded. 
The spectral regions in which the extinction coefficients were ‘taken 


were the usual ones, viz: 554—) 565 and 542°5, and all 


solutions ‘were diluted for estimation so that the equalisation tint was 
reached between the limits of 50° and 70° of rotation of the analyser. 
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The instrument was cf the Hiifner type and had been carefully 
graduated in the laboratory. 

The absorption relations, ¢.¢. the quotients of the concentrations Sy 
the extinction coefficients, worked out by Hiifner for oxyhemoglobin 
are for material which has been once crystallised by the alcohol method. 
According to Krtiger™ the value of the absorption relation is raised with 
each repetition of the crystallisation process as ordinarily carried out 
with alcohol, which, if true, would indicate that some physical change is 
induced by the process. Since Kriiger’s figures are distinctly irregular, 
and vary greatly with the details of the treatment of the corpuscles, it 
would appear that a thorough reinvestigation of this matter is much 
needed. 

His figures certainly emphasise the well-known fact of the extra- 
ordinary sensitiveness of hemoglobin to change as a result of manipula- 
tion, but their irregularity gives little clue to the order of magnitude 
of the error in estimation which will arise from the use of constants 
obtained from once crystallised material in the estimation of solutions 
of material which has been twice subjected to the process. Twice 
crystallised material, as I know from experience, may give ratios of 
extinction coefficients in two spectral regions within the values worked 
out by Hiifner for once crystallised material, but this might be so with 
a proportional change in the corresponding absorption relations. | 

Zinoffsky™ found the iron value constant by the second 
crystallisation, and Aberhalden™ found no glycocoll (probably from 
serum-globulin) in the second crop, though both observers used unwashed 
corpuscles (Zinoffsky’s “ Method III”). 

There is then a suspicion of physical alteration, and a doubt of 
accuracy of estimation by the spectrophotometer, if twice crystallised 
hemoglobin is used, and yet, at any rate when wnwashed corpuscles are 
used, two crystallisations appear to be necessary for chemical purity. 

- Gamgee (loc. cit.) used material three times crystallised in his 
conductivity experiments, but in the abstract of his lecture, the method 
of estimation is unfortunately not stated. 

I have used both once and twice crystallised material, and since the 
experiments were undertaken to determine state of solution rather than 


the order of magnitude of the molecular weight should the substance 


prove to be in solution, the highest degree of accuracy of estimation is 
perhaps not all-important. Any claim to an approximate estimation of 
osmotic pressure in relation to concentration of solution must. be based 
upon thorough cleaning of-red corpuscles with remoyal*of leucocytes, 


A Thay 

“by 

Fret 
Bye 

t 9 
} By 

| 

\ 

f 

q 

4 

he 
i 

3 


16 W.. REID. 
mechanical removal of the structural’ parts of the red corpuscles, and 


good washing of the crystals of haemoglobin obtained, and only the results 


MEASUREMENT OF OSMOTIC PRESSURE. 


‘The experiments of the previous investigation were conducted with 


a.gelatine membrane, full details of the construction of which will be 


found by reference to a former paper”. It soon became evident that 


this membrane was useless for work with haemoglobin, since not only is 


the presence of salts in commercial gelatine liable to cause formation. 


of methemoglobin (vide Dittrich, loc. cit.) before the experiment is 
complete, but gelatine is slowly permeable by hemoglobin’. 

It was only by making many trials of gelatine membranes that I 
became convinced of this latter fact, for obviously bad construction is 


the most likely cause of a leak; but by using membranes of small area 


so as to diminish the chance of faulty construction, and by, frequent 
repetitions, as well as by studying sections of thick films which had been 
exposed on one side to hemoglobin solutions, the fact. was established 


beyond doubt for solutions of either once or twice crystallised material. 
The permeability of gelatine, the ultra-microscopic appearance of the 


solutions (see p. 14), and the contrast of the permeability of the normal 

glomerulus. to hemoglobin and plasma proteids a. higher. grade of 

solution probable than that found for the native proteids employed in 

the previous investigation. 

| The experience of years has sista vegetable parchment impermeable 
to hzmoglobin in solution, and this substance was therefore used to form 


the membrane.. In order to retain the value of stirring in lessening the 
time of equalisation of substances to which the membrane is permeable, 


so as to reach a constant pressure at the earliest period, an osmometer 
in motion night and day was employed which was in general similar 
to that previously used. 

A seamless tube of parchment paper was obtained by cutting. off 
the end of a Schleicher and Schiill parchment thimble, and after slipp- 
ing it over a perforated silver tube, securing its ends water-tight with 


thread and rubber tape. The membranes were tested by air at 100 mm. 


of mercury pressure after immersion in water, and while in position upon 
their metal supports. A great many were found faulty, probably from 


in a list of substances to which gelatine is impermeable. 
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imperfections in the parchmenting process. For full details of the 
osmometer and precautions adopted the reader must again be referred 
to the previous paper. 

The rate of stirring was as before over eighty thousand to and fro 
motions in 24 hours, but even under such advantageous conditions one 

had to wait a day or 36 hours, before the traces of alcohol or alcohol and 
ether in the solutions had equalized. When a pressure had remained ~ 
constant for 48 hours it was taken as the final reading. Naturally very 
careful attention was devoted to the temperature at which the readings 
of pressure. were taken, and the precautions detailed in the — 
paper were adhered to strictly. 

When once the method of preparation and crystallisation had sate 
elaborated, it was found that, with all clean, it was possible for the 
solution to remain four days in the osmometer at room temperature 
without the production of any methwmoglobin being recognisable by a 
drop in the normal ratio of the extinction coefficients for oxyhemo- 
globin. In spite of the constant to and fro motion of the distilled water 
against which the pressure was measured, in a tube open to air at each 
end, a spectroscope applied to the glass manometer limb at the end of 
four days gave the band of reduced hemoglobin. It was however 
determined by direct experiment that a continuous passage of pure 
oxygen through the water, with the apparatus in motion, for two days 
did not affect the reading of the manometer. 

At the end of the observation period the solution of hwmoglobin 
was removed, well shaken with air, diluted to a known extent and one 
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Osmotic pressure of solutions of Hemoglobin (Dog). 


Method 
umber Number pressure in of 
sation par experiment mm, of Hg Remarks 
Alcohol 


washes 
1 6. 4-95 1-582 15° C. 19 8°84 
4 2 6 Alcohol 2°76 1°570 15° ©. 12° 4°35 Twice crystallised. 
3 7 Alechol 292, 1°593 14°5° C. 12 4:11 Twice crystallised. 
i 4 6 Alcohol 6:07 1-566 15° ©. 23 3°79 
5 6 Alcohol 5-70 1°579 15° 20 3°51 
Ether 4°58 1°582 15° C. 17 3°71 
7 8 Ether 605 173 16° ©. 22 3°63 


Hiifner’s values of © for oxyhimoglobin once crystallised are 1-565—1-608. 


PH. XXXIII. 2 
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suitable for sharp readings with the spectrophotometer, and the 
concentration of the solution in the apparatus at the end of the experi- 
ment, as also the ratio of its extinction coefficients in the two spectral 
regions, determined. 


--Resuurs OF OSMOTIC PRESSURE EXPERIMENTS. 


The data of seven experiments, in which the ratio of extinction 
coefficients in the two spectral regions of the solution in the osmometer 
at the close of the experiment after oxygenation was within the values 
given by Hiifner for oxyhemoglobin, are.given in the Table. . 

The hemoglobin was prepared from different individuals in each | 
instance, and with two exceptions (Exps. 2 and 3) the final reading of | 
osmotic pressure per unit concentration of hemoglobin i is fairly constant 1 

in value’. 

The figures in the eighth column present a marked contrast to : 
those obtained with experiments with freshly crystallised or salted out 
ovalbumin, which, as may be seen in the previous paper (p. 451), | 
present great variations of pressure in material from different sources. 4 

That the twice crystallised material of Exps. 2 and 3 appears to give _ 
a higher pressure per unit concentration than that which has been once 
crystallised, is probably due to underestimation of the concentrations 
of the solutions as a result of using Htifner’s values for the absorption 
relations in cases to which they do not strictly apply. | 

On the assumption that a molecule of hemoglobin contains one ] 
atom of iron, the minimum weight has been calculated from analysis of 
dog’s hemoglobin (Jaquet) to be 16,669, a molecular weight which, } 
if no dissociation occurred in solution, would for 1°/, concentration of q 
the substance give a pressure of about 10°77 mm. of mercury at | 
15°C. 

As can be seen by reference to the Table the values for once 
crystallised dog’s haemoglobin are in the region of one-third of this 
pressure, so that the molecular weight in solution in water would 
appear to be a multiple of the minimum calculated from analysis. 


for the membrane is permeable to all the salts of the corpuscles, and to alcohol and ether, 
small amounts of which were present in the solutions, Moreover, unlike gelatine, parch- 
ment paper is permeable to nucleic acid, which might possibly occur in the solutions as a 
derivative of the nucleo-proteid of the corpuscles, in spite of the removal of the greater 
part of the structural material in the asbestos laking. 


; 
1 The pressures must, so far as-one ean see, be put to the credit of the hemoglobin, i 
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CONCLUSION; | 


The fairly constant osmotic pressure in relation to concentration in 
solutions of once crystallised hemoglobin, coupled with the appearances | 
of the solutions in the ultra-microscope, leads to the conclusion that this 
substance, when prepared by the methods indicated above, and taken 
up in water, is in a state of true solution. 


My thanks are due to Mr F. G. Young, Assistant in the Physiological 
Laboratory, for great assistance in the tedious work of preparation of material 
for the experiments. 


A grant of money ee expenses was received from the British 
Association, and I have to thank the Carnegie Trustees for putting a 


spectrophotometer and an ultra-microscope at my disposal. 
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- DIGESTION LEUCOCYTOSIS II. THE SOURCE OF 


THE LEUCOCYTES'. By ALEXANDER GOODALL 
anp D. NOEL PATON. | 


(From the Laboratory of the Royal College of Physicians, 
Edinburgh.) 


_ Ina previous paper™ we found that the total number of leucocytes in 
the circulating blood rises during digestion and reaches a maximum in 
about four hours after food. 

This leucocytosis is not affected by removal of the spleen. 

The increase comprises a lymphocytosis and a polymorphonuclear 
leucocytosis but the eosinophils show very little change. 


The number and varieties of white cells in corresponding mesenteric — 


veins and arteries during digestion are similar, and resemble those in 
the general circulation. 


Sources of the Leucocytes. 


The possible sources of these leucocytes are the intestinal wall and 
mesenteric glands, the spleen and the bone-marrow. 


I. Intestinal Wall. Pohl® has described an excess of white cells 
in the mesenteric veins over the corresponding arteries during proteid 
digestion, an observation which we have controverted in our previous 

per. | 
Erdély® has recently confirmed the observation of Hofmeister 
that the intestinal wall of well-fed animals is much richer in cells than 
that of fasting animals. On this ground he has attacked our conclusions 
that there is no increased activity of the lymphoid tissue of the intestine 
during digestion, and that the intestinal wall is not a source of the 
increased number of white cells supplied to the blood. 

We have no reason to doubt Erdély’s facts but cannot agree with 


1 Grants towards the expenses of this Research were received from the Mason Fund of 
the Laboratory and the Carnegie Trust: 
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his conclusions. In his experiments the cell richness of the intestine 
followed a prolonged period of good feeding, whereas in our experiments 
the animals were on ordinary diet till the day before the experiment 
when they were fasted, and they were killed within a few hours after 
receiving food. Erdély agrees with us that mitotic figures are rare but 
suggests that the lymphocytes may divide amitotically. | 
It must, however, be kept in view that the accumulation of leucocytes 
in any particular tissue does not necessarily indicate increased produc- 


tion, as is shown by the observations of Bruce” on the accumulation 


of leucocytes in the lungs, spleen, and liver in the leucopenia which 
follows the injection of peptone. There are two factors in the ad- 


— dition of cells to the circulating blood, cell production and cell output, 


and histological evidence of the former function does not necessarily - 
mean that the cells produced are being added to the blood. We find, 
for example, that leucocytosis in pernicious anemia is exceedingly 
rare, yet in that condition the marrow practically always shows 
great leucoblastic activity”. 

The converse also holds good. Brinckerhoff and Tyzzer® find 
that the supply of leucocytes to the circulation is due to the entrance of 
fully formed cells from an extra-vascular locus. In the rabbit, the 
marrow under normal conditions, is this locus. They find at the same 
time that the cell richness of the marrow in adult amphophils is not 
notably affected by a short period of fasting, by feeding, by pregnancy, 
or by a relatively chronic infection with “ snuffles.” 

It is, however, unnecessary to pursue an argument regarding the 
output of cells based upon histological observation since the blood 
counts given in our previous paper, taken along with the large number 
we now record, seem to us to exclude absolutely the view that the 
intestinal wall supplies the leucocytes which constitute the increased 
number formed during digestion. 


II. Mesenteric Glands. The investigation of the intestinal lym- 
phatics presented difficulties which we shall subsequently discuss, _ 


III. Spleen. The research of Noél Paton, Gulland and Fowler® 
has shown that the spleen in dogs and rabbits does not play any 
important part in the supply of leucocytes to the circulation. We have 
already found" that digestion leucocytosis is not affected by removal of 
the spleen, an observation which has been ate by Nicholas and 
Cot, 
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I¢:therefore seemed to us unnecossary to further investigate the 
of this organ. | 

From a histological study of the spleen, Ciacci and Pisaini™ 
conclude that “the spleen is hyperemic during digestion like all the 
splanchnic organs and its cytogenic function is greatly increased. Its 
cells, both of the myeloid and lymphoid series, are supposed to be 
poured into the blood stream. This observation is confirmed by the 
fact that there is a leucocytosis during digestion.” 

As we have already pointed out, the inference that an organ rich 
in certain cells necessarily passes these cells into the circulation is 
not always a safe one, and the statement that the spleen is a source of 
the cells in digestion leucocytosis is contrary to ascertained fact. 


IV. Bone-marrow. The leucoblastic function of bone-marrow first 
described by Muir is now an established fact and its relationship to 
digestion leucocytosis has been studied by us. 


Methods. In the following experiments D. Noél Paton performed 
the operations, and Alexander Goodall is responsible for the blood | 
examinations’, 

Samples of blood were taken from the ear, as in the human subject, 
but under local anesthesia, Enumerations were made with the 
Thoma-Zeiss leucocytometer and films were also made. __ 

The animal was then fed. In our previous work we found that the 
leucocyte count usually reached a maximum in about four hours, 
therefore blood from the different situations was examined within that 
period in order to make enumerations during the ning tide of 
leucocy tosis, 

After blood from the ear had been again examined the animal was 
etherised and placed in a chamber at 37°C, An incision was made over 
the tibia of a hind limb and the periosteum was retracted from the 
bone. The field of operation was now carefully dried and the marrow 
was exposed by gouging away a small portion of bone. Samples were 
taken from the venous blood flowing from the marrow. 

There was a possibility that marrow cells might escape and so 
increase the blood count, and accordingly along with every blood count 
films were also made and subsequently examined after staining, usually 
with Jenner’s eosine-methylene blue. Owing to the fact that in the 


1 We regret that Dr Gulland has been unable to take part in the present as in our 
former research. He has however eee 
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animals used (dogs and cats) the myelocytes are non-granular, it was 
impossible to distinguish these cells from large lymphocytes. It was 
always easy however to recognise nucleated red cells in the films and in. 
one or two instances in which these cells were found to be numerous in 
the films of blood from the marrow the corresponding counts si to be 
rejected. 
After the samples of marrow blood had been taken the abilemen 
was opened and with as little manipulation as possible a coil of intestine 


_ was exposed, and samples of blood from corresponding mesenteric veins 
_ and arteries were collected and every care was taken to avoid congestion 


or inflammation, which, as Sherrington™ has shown, may lead to a 
slight preliminary leucopenia, followed after some hours by a marked 
leucocytosis. 

We found in our previous experiments, by examination of the 
hsemoglobin, that. the degree of concentration of the blood did not vary 
after food or in the different situations examined. 

In our earlier experiments we again estimated the hemoglobin and 
found that the amount remained constant. In the later experiments 
the estimation was therefore discarded as unnecessary. 

The effect of the general anzesthetic was so slight as to be negligible, 
as is shown in the following table in which counts were made from the 


ear immediately before and immediately after etherisation. 


IV. Fasting 11200. 9200 
V. Peptone il 30200 30400 
XV. Cream 7200 19400 16000 
XVL Cream 20200 30600 30200 
XVII. Cream 38800 43000 52000 


The investigation of the relationship of the different possible sources 
to digestion leucocytosis necessitated some preliminary experiments on 


animals. 


A. Fastina ANIMALS, 


In the protocols of the observations throughout this Paper, the total 
number of each of the varieties of white cells and their percentage are 
given in the first experiment of the series; in the — experiments 
the p.c. ~ of the varieties is _— 
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Exp. 1. Puppy. Polymorphs Lymphocytes Eosinophils | 
Er... 20600 13390 6592 618 per c,mm. 
65 . 82 8 p.c. 
artery 10880 544 per c.mm. 
Mesenteric vein! ... 22600 12882 9492 206 per c.mm. 
57 42 1 p.c. 
Marrow of left femur 29600 15096 13616 888 per c.mm. 
51 46 8 p.c. 
Exp. 2, Puppy. 
Ear... 76° 28 1 p.c. 
Mesenteric artery * 24400 7 27 2 p.c. 
- Mesenteric vein 2 24000 72 25 8 p.c. 
Marrow of tibia 32200 78 21 1 p.c. 
Exp. 3. Cat. 7 
Bet 17400 44 45 11 p.c. 
Mesenteric artery 26000 29 66 5 p.c. 
Mesenteric vein® ... 25400 28 62 10 p.e. 
Marrow of right tibia 33400 28 64 8 p.c. 
Exp. 4. Old female dog. 
Ear before ether ... > 11200 78 20 2 p.c. 
Ear after ether ... 9200 71 28 1 p.c. 
Mesenteric vein‘ ... 7200 72 27 1 p.c. 
Marrow ... 7200 67 32 1 p.c. 
Lymph. Receptac. chyli ... 7800 — 7800 — per ¢.mm. 


1 Blood taken 58 om. from pylorus. * 50 cm. from pylorus. 3 76 cm. from 
pylorus. * 50 cm. from pylorus. rd 


These experiments show that the difference between the leucocyte 
counts of blood from the different parts examined is very slight. 

Between mesenteric artery and vein the maximum difference is | 
20 per cent., while the average difference in the first three exps. is 
only 7 per cent. , 

In all these experiments except the fourth, in which the animal 
showed a marked leucopenia, the maximum count is that from the 
bone-marrow. 

Contrasting the results of the marrow count with those of arterial 
blood we find in the first three experiments that the marrow blood 
shows a maximum excess of 32 per cent. and an average excess of 
20 per cent. 

Exps, 4 and 5 indicate that the production or at least the output 
of leucocytes by the bone-marrow is probably not constant. In Exp. 4 
the number of leucocytes is small; in Exp. 5 the number is large. In 
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Exp. 5 an injection of peptone had caused a slight leucocytosis, which 
had evidently reached its maximum before the time of examination. 


Total number 
Exe. 5. Puppy. of white cells Polymorphs Lymphocytes Eosinophils 
March 8th, 3.80 p.m. Ear 24400 se 5368 0 per c.mm. 
22 0 p.c. 
- March 9th, 12.15 a.m. mega ‘8 grm. Witte’s peptone in 8 ¢.c. water. 
March 9th, ll a.m, Ear .. 30200 25368 4530 302 per c.mm. 
84 15 1 p.c, 
80cm. 22400 19040 3360 0 per c.mm. 
from pylorus 7 | 85 15 0 p.c. 
Mesenteric vein. 80cm. from 26500 21730 4240 haan 
pylorus 82 16 2 p.c. 
Marrow of right tibia 23085 4065 0 per c.mm, 
85 15 0 p.c. 


These experiments furnish us with the following data: 

1. In fasting animals the difference between the leucocyte count 
in corresponding mesenteric veins and arteries is as a rule negligible. 

2. During fasting there may be no = of white cells 7 the 
bone-marrow. 


8. On the other hand the blood from the marrow may show an 
excess of leucocytes to the extent of 32 per cent. over those of arterial 
blood, and in three experiments the average excess was 20 per cent. 


B. Fep ANIMALS. 


I. Marrow as source of leucocytes. In the following experiments 
the animal was fasted for a day, and next day, after a drop of blood from 
the ear had been examined, it was allowed to eat as much minced beef 
and water as it would take. 


Exp. 6. Young Cat. whe calle Polymorphs Lymphocytes Eosinophils 


ll a.m. Before food. Ear 13000 6110 5525 1365 per c.mm. 
47 425 $10%5p.c. 
11.80a.m. Fed on minced beef and water. 
3p.m. Ear 25000 15750 7500 1750 per c.mm, 
| 63 30 7 p.c. 
Mesenteric artery. 60cm. 22000 13200 7260 1540 per ¢.mm., 
from pylorus 60 33 7 p.c. 
Mesenteric vein. 60cm.from 24000 12960 9600 1440 per c.mm. 
pylorus 54 6 p.c. 
Marrow of head of tibia ... 30800 16324 12628 1848 per c.mm, 
ae 53 41 6 p.c. 
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Exe. 7. Puppy. white cells, Lymphocytes osinophile 
12.80 p.m. Beforefood. Ear 13200 64 84 
12.40 p.m, Fed on minced beef and water. z 
Ear ... 25800 69 30 1 p.c. 
Mesenteric 24600 70 30 0 p.c. 
Mesenteric vein? .. .. 18600 70 29 1 p.c. : 
Marrow oftibia .. ... 32000 61 38 1 p.c. 
Anterior tibial artery ... 27400 65 35 0 p.c. 4 
Exp. 8. Young Cat. 
12.80 p.m. Ear ,. 29600 45 49 6 pe. 
Mesenteric artery? 86600 84 62 4 p.c, 
Mesenteric vein? ... 86800 81 60 9 p.c. 
89600 32 62 6 p.c. 
Exp. 9. Puppy. % 
10a.m. Before food. Ear 26000 39 40 21 p.c. 
10.15 a.m. Fed on minced beef and water. | | : 
1.15pm. Ear .. ... 82400 51 41 8 p.c. 4 
Mesentericartery’ ... ... 21200 48 45 12 p.c. 4 
Mesenteric vein? ... 26400 45 45 10 p.c. 
Marrow of tibia... 38000 44 48 8 p.c. | 
‘Exp. 10. Young Cat. 
9.55 a.m. Before food. Ear 19800 62 80 Spc. 
10 a.m. Fed on minced beef and water. . 
lpm. Ear... 87400 78 19 8 p.c. 
Mesenteric vein‘ .. 42000 52 34 14 p.c, 
Marrow of tibia... 87600 65 26 9 p.c. 
Exp. 11. Young Cat. i 
10a.m. Before food. Ear 23200 77 16 7 p.c. 
lla.m, Fed on minced beef and water. 
8p.m. Ear ... 86200 28 10 p.c. 
Mesenteric artery 80200 55 41 4 p.c. 
Mesenteric vein® ... ... 80200 49 42 9 p.c. q 
Marrow of tibia ... 42600 52 40 7 p.c. 
1 Blood taken 100 om. from pylorus. 2 71 om. from pylorus. * 80 em. from ; 
pylorus. 4 87 cm. from pylorus. 5 87 em, from pylorus, 


As in our previous series we again find that the number and varieties 
of white cells in corresponding mesenteric veins and arteries are similar 
and resemble those in the general circulation. | 

_ Taking the number of leucocytes in the case of the artery in the 
six experiments as 100, we find that the corresponding counts in the 
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case of the vein would be 109, 75, 100°5, 125, 110, and 100, which gives 
an average difference of 3 percent. 

For every 100 leucocytes in the blood from the ear after food we 
find in the mesenteric vein 96, 72, 115, 81, 89, 88. The average count. 
in the mesenteric vein is therefore 10 per cent. less than in the peri- 
pheral blood, 

On the other hand a consideration of the marrow counts shows that 
they are in excess in every instance. ‘This is shown in the following 
table, in which the marrow counts are stated in relation to 100 leuco- 
cytes in the ear (after food), mesenteric artery and mesenteric vein. 

Marrow 


| IV. v. VI. Average 
Ear after food 100 128 124 120 104 154 117 +28 
Mesenteric artery 100 140 130 1108 155 161 141 +37 
Mesenteric vein 100 128 172 107 125 187 141 +35 


To compare these results with those of the fasting animals we may 
summarize them as follows: 

1, During proteid digestion the average difference between the 
leucocyte count in corresponding mesenteric veins and arteries in six 
experiments is only 3 per cent. 

In seven observations recorded in our previous paper the average 


_ difference was less than 1 per cent. 


2. During proteid digestion blood coming fross the marrow con- 
stantly contains more leucocytes than either venous, arterial, or capillary 
blood. 

3. Blood from the marrow may show an excess of leucocytes to the 
extent of 55 per cent. over those of arterial blood, and in six experi- 

ments the average excess was 37 percent. 

The changes in the number of the different varieties of celle and 
the source of each are shown in the following tables: — 


Proportion of polymorphs in blood from different sitwations to each 


100 in blood from the ear before food. 
IL. III. IV. VI. Average 
Ear after food 257 210 —_ 162 188 125 =188 
Mesenteric artery 216 208 122 — — 92 =144 
i. vein 212 154 112 117 212 82 =148 
Marrow 267 281 124 148 290 124 =196 
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Proportion of lymphocytes in blood from diferent situation cack 


100 in blood from the ear before food. 
I. IL. VL. Average 
Ear after food Mm 127 +119 2% =165 
Mesenteric artery 131 164 114 91 333 = 166 
vein 173 120 109 114 240 341 = 182 
Marrow | 228 270 221 152 252 456 = 274 
Eosinophils 

IL IV. v. VI. Average 

Ear after food 128 97 — 47 188 222 = 136 
Mesenteric artery 112 0 107 46 4 = 67 
‘“ vein 105 70 241 48 371 167 = 167 


Marrow 135 121 175 48 327 209 = 169 


1. The tables indicate that in every experiment the number of 
polymorphs and lymphocytes is greatest in blood issuing from the 
marrow, 

As in our former paper, we find that both these varieties of white. 
cells are increased during digestion. 

2. The lymphocytes show a greater percentage increase than the 
polymorphs. 

3. The number of eosinophils during digestion is usually but not 
constantly increased, and in the latter case the increase is due to 
a greater output from the bone-marrow. 


Il. Intestinal Lymphatics as a source of Leucocytes. The foregoing | 


experiments seem to us to prove definitely that the increased number 
of white cells added directly to the blood-stream come from the bone- 
marrow, but we thought it desirable to investigate whether there might 
not be an addition of white cells from the intestine indirectly by the 
lymph-stream. 

In the proteid food experiments the lacteals were not sufficiently 
distended to yield enough fluid for examination. We therefore selected 
cream as a food-stuff which would be absorbed by the lacteals, thinking 


that if the lacteals should prove to be a channel by which leucocytes - 


are added to the sain they would show these cells when digestion is 
active, 


In the Glowing experiments the animal was fasted for a day and 
was then allowed to feed on as much cream as it would take. _ 
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Exe. 12, Young Cat.  Polymorphs Lymphocytes Eosinophils 
ll a.m. Before food. Blood 15800 6320 ‘8848 682 perc.mm. 
from Ear 40 4 p.c. 
11.30 a.m. Fed on Cream. 
8p.m. Bloodfrom Ear ... 16800 _ +6552 9240 1008 per c.mm. 
39 6p.c. 
Blood from mesenteric vein. 27200 11696 14416 1088 per c.mm. 
72 cm. from pylorus 32 66 ie 
Blood from marrow us 32200 15778 15134 1288 per c.mm. 
49 47 4 p.c. 


_ Chyle from mesenteric lacteal. I. 2400 8 97 0 p.c. 


Il. 1400 0 100 0 p.c. 
Exp. 13. Old Cat. 
10.55a.m. Beforefood. Ear 16800 
ll a.m, Fed on cream. 
Mesenteric artery! 80800 
Mesenteric vein! ... “ee 36800 
Left innominate vein ne 24600 
Chyle, mesen. lacteal ie 1200 
Chyle, receptac. chyli ... 88000 
Exp. 14. Old Cat. 


|| & 
> 


11.5 a.m. Fed on cream. 
12.35 p.m. Ear ... 
Mesenteric artery? 
Mesenteric vein? ... 
Chyle, mesen. lacteal 
Chyle, receptac. chyli 
Exp. 15. Cat. 
11.30a.m. Before food. Ear 
11.35. Fed on cream. 
8 p.m. Ear 
Ear after ether 


||} & 


Mesenteric vein® ... 
Chyle, receptac. chyli 


Exp. 16. Puppy. 
8a.m. Before food. Ear... 
8.5a.m. Fed on cream. 
10.45. Ear 
Mesenteric vein ‘ 

1 Blood taken 80 cm. from pylorus. 2 60 cm. from pylorus. 3 $2 cm. from 
pylorus. * 40 cm. from pylorus. Sevens 3 


72 27 1 p.c. 
78 22 0 p.c. 
75 25 Op.c. 
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Total number 


Expr. 16. Puppy (cont. ). of white cells Polymorphs Lymphocytes Eosinophils 

Marrow 80800 62 37 1 p.c, 

Left vein 26800 33 67 0 p.c. 
Chyle, mesen. lacteal 2600 0 2600 — per ¢.mm. 
Chyle, receptac. chyli 10000 0°5 - 99° — p.c. 

Exp. 17. Cat. 

lla.m. Before food. Ear 38800 74 20 6 p.c. 

11.15 a.m. Fed on cream. - 

3pm. Ear iss .. 48000 68 29 3 p.c. 

Ear after ether .... .. §2000 60 38 2 p.c. 
Mesenteric vein! .. 51600 63 35 2 p.c. 
Marrow . 76200 61 

Left timominate vein 40000 58 42. 5 p.c. 
Chyle, mesen. lacteal 1600 0 1600 0 per c.mm. 
Chyle, receptac. chyli 64000 8 oT 0 p.c. 
Chyle, thoracic duct 39200 2 «8 0 p.c. 


1 69 om. from pylorus. 


The results of these experiments are not quite so definite as in the 
case of proteid feeding. A leucocytosis is produced (probably due 
to the milk proteid contained in the cream), but this leucocytosis in 
many cases is apparently not great enough to obscure minor variations 
- due to such factors as congestion of the intestine. 

In Exp. 13 the count from both mesenteric artery and vein is 4 aasialy 
high. In Exps, 14 and 15 there is a leucocytosis, but the only pre- 
ponderating counts are those from the receptaculum chyli. These 
results we shall presently discuss. 

In the remaining three experiments, 12, 16, and 17, the total leuco- 
cyte count and lymphocyte count is highest in the case of the bone- 
marrow. The polymorph count is also highest in the case of blood 
from the marrow in Exps. 12 and 17. 


In Exp. 16 the number of polymorphs in the marrow blood is not. 
quite so high as in the peripheral blood, although greater than the 


number in the mesenteric vein. 
_ Exps. 12, 16, and 17 therefore bear out the rennite of the previous 
series as far as examination of the blood is concerned. 

To determine whether the abdominal lymph passages might be 
channels by which leucocytes are added to the blood-stream we enume- 
rated the leucocytes in the afferent lacteals passing from the intestinal 
wall to the abdominal glands, the efferent lymphatic vessels between 
the glands und the receptaculum chyli, i in the receptaculum chyli, the 
thoracic duct, and the innominate vein after the entrance of the duct. 
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We found it impossible to count the leucocytes from all these situations 
in any one experiment. The operative manipulations for exposing the 
thoracic duct are difficult, and might readily give rise to artificial con- 
ditions which would affect leucocyte distribution. 

As in the other experiments, the operations were carried out in a 
hot chamber. The animal was anzsthetised and the abdomen opened. 
- Counts were made from the lymphatics and receptaculum chyli by 
allowing little pools of chyle to collect in a previously dried pocket of 
mesentery. | 

The thorax was then rapidly opened and a count was made from the 
thoracic duct. Films were made from the fluid in which the cells were 
counted and where blood contamination was found the counts were 
rejected. | 

We carried out two additional experiments with the sole object of 
examining the lymphatic channels. 

In Exp. 18 the animal had the ordinary diet on the day before the 
experiment ; in Exp. 19 the animal was fasted. 

To produce a leucocytosis the animals were fed on a mixture of 
minced beef and cream and were allowed as much as they would take. 


Exr. 18. Dog. Eosinophils 
1 p.m. Before food. Ear 22000 15180 5940 880 per c.mm. 
: | 69 27 4 p.c. 
1.5 p.m. Fed on minced beef and cream. 
Sp.m.. Ear... .. 26000 17420 8320 260 per c.mm. 
67 32 
_ Chyle, mesent. lacteal I. ... 2600 — per ¢.mm., 
” ” ” eae 1600 — per ¢.mm. 
96 4 0 p.c. 
Chyle, receptac. chyli 10800 — per ¢.mm. 
98 2 0 p.c. 
Chyle, thoracic duct 6600 —- per ¢.mm. 
98 2 0 p.c. 
Exp. 19. Dog. 
8a.m. Beforefood.' Ear... 28800 63 83 4 p.c. 
8.5. Fed on minced beef and cream. 
11.20. Ear... 81400 68 82 Bp.c. 
Chyle, mesen. lactealI. ... 2000 _ 
” ” 99 Il. eee 2000 99 0 p.c. 
” eye abdominal 5600 96 4 0 p.c. 
Chyle, receptac. chyli 11000 96 4 0 p.c. 
»» thoracic duct 17000 97 8 0 p.c. 
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The results of the leucocyte counts from the different channels are 
summarised in the following table :-— : 


Innominate 
vein 


XIX. 28800 81400 2000 


In all these experiments the number of leucocytes in the lacteals 
between the intestinal wall and the abdominal lymph glands is very 
small, The number is no greater in the latter two experiments (in 
which the proportion of proteid in the food was very high) than in the 
case of the experiments in which the animals fed on cream only. 

The chyle taken from the receptaculum shows a much larger 
number of cells. In three out of the seven experiments in which 
counts were made, the chyle from this situation shows a greater 


leucocyte count than blood from any of the situations examined, and in 


one Exp. (13), the number is greater than in the peripheral blood. 
On the other hand, three experiments show counts from the recepta- 
culum chyli much lower than the number of leucocytes i in the peripheral 


blood. The large number of leucocytes found in the receptaculum in — 


the four experiments 13, 14, 15, and 17, might be taken to indicate that 


the abdominal lymph glands were a source of the leucocytes added to 


the circulation during digestion. 

Apart from the contradictory results of Exps. 16, 18, and 19, how- 
ever, this view is contra-indicated by the counts from other situations, 
viz., the efferent lymphatic between the glands and the “tt oa sc 
the thoracic duct and innominate vein. 

The counts from the thoracic duct would indicate that the chyle 
which enters the veins tends to diminish, sather than increase, the 
leucocyte count in a unit of blood. 

Films of chyle from the thoracic duct were made in some cases where 
counts could not be obtained, and in these films the white cells never 
seemed so numerous as in the blood films made in the same way. 


The high counts obtained from the receptaculum chyli in Exps, 13, 


a 
a 
Blood from Blood from Recepta- 
5 Ear before Ear after Efferent culum Thoracic | 
q food food Lacteal lymphatic chyli duct | 
2400 
XIII. 16800 20000 33000 2 
XIV. 19400 29200 72000 
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14, 15, and 17, are to be ascribed to passive accumulation (either normal 
or artificial), rather than to an increased activity of the abdominal lymph 
lands. 
: Pohl found that the chyle does not add to the number of leucocytes 
in the blood, and with this conclusion we are in agreement. _ 
The results of these experiments may be summarized as follows: 

1. The lymph as it comes from the intestinal wall does not 
add to the number of leucocytes in the circulation. 

2. As the chyle from any situation never contained as many as 
one per cent. of polymorphs, we may conclude that neither the intestinal 
wall nor abdominal lymph glands can be a source of the increased 
number of these cells in the blood during. digestion. 

3. We cannot definitely exclude the mesenteric lymphatics as 
a source of the lymphocytes added to the circulation during digestion, 
but we are more inclined to attribute the high counts found in some 
cases in the lymph of the receptaculum chyli to a passive accumulation 
there, and to think that the addition of the chyle of the thoracic 
duct to the circulation will tend to slightly diminish rather than to 
increase the number of leucocytes in the circulation. 


ConcLusions. 

1. Our findings have been summarized at the end of each 
section, and in so far as this research covers the same ground we have 
confirmed the results of our former paper. 

2. The bone-marrow is probably the sole source, and is certainly 


the only important source of the cells which constitute digestion leuco- 
cy toses, 
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SOME OBSERVATIONS OF THE MOVEMENTS OF 
THE INTESTINE BEFORE AND AFTER DEGENE- 

- RATIVE SECTION OF THE MESENTERIC NERVES. 
By J. N. LANGLEY anp R. MAGNUS. (Thirteen Figures 
in Text.) 


(From the Physiological Laboratory, Cambridge.) 


Our experiments were begun with the object of determining whether 
any change occurs in the intestinal reactions after section of the post- 
ganglionic sympathetic fibres. It was first necessary to determine ‘what 
reactions could be obtained with certainty in the normal animal. This 
occupied more time than we had expected, so that our main object has 
been but imperfectly attained. Some new facts have however presented 
_ themselves, and these we give as there is no likelihood of our having 
a further opportunity of carrying on conjoint work. 
_ Methods. As. methods of observation, besides visual inspection, we 
have used, | 
(a) the survival method in the manner already described by Magnus’. 


A piece of gut is cut out, placed in a slightly modified Ringer's solution 


at 38°C. through which a stream of oxygen is passed, and a graphic 
record of the contraction of the circular coat taken. : 

(b) the balloon method. The balloon was made of a surgical finger 
cap tied on toa glass tube. It was about 14cm. long, and when dis- 
tended by a pressure of about 10cm. water was 1 cm. broad; it was 
filled with water as a rule under a pressure of 8 to 12 cm., but pressures 
varying from 4 to 35 cm. of water made no constant difference in the 
tracings. The balloon was connected with a Blix tambour. The animals 
were anzsthetized with A.c.E. mixture, the post-ganglionic nerves being 
cut as in the operations described below (p. 47), except that the 
mesentery on either side of the artery was cut through much more 
freely. The animal was placed in a bath of Ringer's solution at 38° C. 

We have used for experiment the lower part of the descending colon 
of the rabbit, and the jejunum and ileum of the cat. 


Magnus, Arch. f. d. ges. Physiol, ott, p.-128., 1904, 
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With the descending colon of the rabbit, the balloon method did not 
give satisfactory results on account of the active peristalsis which, as 
noticed by Bayliss and Starling, almost invariably occurs, and we soon 
abandoned it. The survival method, however, gave good results; the 
chief drawbacks to its use are that the effects of stimuli cannot be satis- 
factorily observed after about 4 to # of an hour—though good contrac- 
tions continue—and that even drugs in no long time give somewhat 


uncertain effects. 


With the small intestine of the cat, the ileum was used for survival 


experiments and the jejunum for balloon experiments. Here the sur- 


vival method gave less satisfactory results than the balloon method, on 
account of the irregularity of contraction of the excised intestine. The 
balloon method has also the advantage that the results can be 


checked over and over again in fresh pieces of intestine. Most ofthe 


results were, however, also obtained by the survival method. 
The tracings we give below of the contraction of the descending 


colon of the rabbit were taken by the survival method, those of the 


small intestine of the cat by the balloon method. 


‘1. The normal intestine. 


A. LOCAL EFFECTS OF SOME CHEMICAL SUBSTANCES 
AND OF PINCHING. 3 


In order to observe the reaction of the intestine it was desirable to 
employ some substances with a marked exciting effect and others with 
a marked inhibitory effect. For the former we used atropine, strychnine, 
and cocaine; for the latter adrenalin; we used also nicotine and sodium 
chloride which may have either one effect or the other. 

Survival method. The substance in known quantity was usually 
added to the Ringer's fluid; but sometimes a few drops were poured 


over the spot of which a graphic record was being taken. 


Balloon method. The solution to be applied was kept in a warm 
chamber at 38°C. The tube on which the balloon was fastened was 
lifted with the intestine just above the level of the warm bath. The 
solution was then gently applied to the intestine with a soft brush, 
for a time varying from 10 to 30 seconds, and the tube and intestine 
replaced in the warm bath. In two experiments simply lifting the 
intestine out of the warm bath caused cessation of the contractions ; 
this source of error was always guarded against. 

3—2 
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Atropine. Keuchel* found that small doses of atropine injected 
intravenously usually caused increased intestinal contraction. The effect 
of the alkaloid on the excised small intestine, in small and large doses, 
has recently been investigated by Magnus’. | 
On the descending colon of the rabbit the usual effect is an increase 
of tone and often more regular contraction. | 
On the small intestine of the cat, the local application of 1 p.c. atro- 


pine sulphate causes in a short time strong and fairly regular contractions — 


(cp. Fig. 1); in some cases a single application is sufficient, in others 
a second free application is necessary to cause good contractions. The 
contractions last about five minutes, gradually becoming less frequent. 
Renewed application of 1 p.c. atropine causes a new series of contrations, 


-and so-on indefinitely. To the eye the contractions are seen to be local, 


spreading out very little, and generally occurring in the same spots. 


Fig. 1. Jejunum of cat. (a) 1 p.c. atropine applied to the intestine over the balloon ; 
(5) pinch lightly ten times 8 cm. below the balloon; (c) repeat, 5 cm. above the balloon ; 
(d) repeat, 8 cm. below. The contractions in this case were rather more regular than 


- usual, The tracing is taken from Exp. 2 (cf. p. 47) in which the superior mesenteric 


nerves had been cut 7 days, but the effect is the same in the normal animal 
(ef. Figs. 5, 11 for contractions caused by atropine). 


Strychnine has a similar exciting action. A 0°5 to 2 p.c. solution— 
the strength required varying in different cases—causes a series of con- 
tractions, which in the tracing are in general similar to those caused by 
atropine. To the eye, however, they are more peristaltic, waves of con- 


traction passing a short distance down the intestine. As with atropine 


the effect can be repeatedly obtained. | 
In the descending colon of the rabbit it affects the tone and 

of the contraction in the direction of increase (cp. Fig. 2) and the rate 

either in direction of increase or decrease ; the effects vary considerably 


* Keuchel. Das Atropin u. d. Hemmungsnerven, Inaug. Diss, Dorpat, 1868 ; cf. also 
ee Ueber d. Wirkung des Atropins auf den Darmkanal, Inaug. Diss. Strassburg. 


* Magnus. Arch. f. d. ges. Physiol. p. 10. 1905. 
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with the condition of the colon. It causes also increase of the pendulum 
movements. 


Fig. 2. Descending colon of rabbit. a. About half-an-hour after the beginning of an 
experiment, the contractions having greatly decreased in strength. b. Effect of adding 
strychnine sulphate to make 00625 p.c. c. Effect of adding strychnine sulphate to 
make p.c. 


Cocaine. With cocaine we have made a few observations only. 
_ According to v. Anrep? intravenous injection causes energetic peristaltic 
movements of the small intestine, lasting from 5 to 10 minutes, And 
Bayliss and Starling? noticed that local application of cocaine to the 
small intestine of the dog increased the strength of the contractions. 

The application of 1 to 10 p.c. solution to the small intestine of the 
cat in the region of the balloon causes a series of contractions: with 1 to 
2 p.c. solutions the contractions were usually less frequent but stronger 
than those produced by 1 p.c. atropine; with the 3 to 10 p.c. solutions 
there was increase of tone and quicker contractions. In the colon of 
the rabbit (survival method) cocaine causes increase of tone, and in large 
doses cessation of movement. 

The action of strychnine and cocaine on the cat’s intestine deserves 
further investigation; the effect of strychnine we should naturally 
attribute to excitation of the motor nervous mechanism of Auerbach’s 
plexus, but that cocaine should act in the same way is difficult to 
reconcile with the ease with which it paralyses nerve fibres when applied 
to them. It is however possible that the cocaine in being absorbed from 
the surface of the intestine becomes too diluted to produce paralysis of 
the nerve structures, and it is known that in small doses it excites 
the central nervous system. 


1 Anrep. Arch. f. d. ges. Physiol. xxx. p. 67. 1880. 
? Baylissand Starling. This Journal, xx1v. p. 138. 1899. 
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Adrenalin and Nicotine. With regard to these we have nothing to 
add to what is already known. Adrenalin by either method constantly 
causes complete inhibition. ‘Nicotine causes inhibition in the cat, 
and contraction in the rabbit, occasionally with a slight preliminary 
inhibition. 

Sodium Ohloride. Solutions of sodium chloride 5 p.c. to con- — 
centrated when applied to the cat’s intestine in the region of the balloon 
cause in nearly all cases inhibition. (Cp. Fig. 3.) 


Fig. 8. Jejunum of cat. Contractions induced by atropine. 5 p.c. sodium chloride 
to the balloon region of the intestine. Time marker marks 10 second | 

(cf. p. 


The same effect i is ‘produced i in the rabbit’s colon by the survival 
method, when a drop of the solution is allowed to run from a fine pipette 
over the recorded point. The tracing obtained is similar to that given 
in Fig. 9. 

In both animals the inhibition may be followed by contraction, and 
it is well known that in certain states of the intestine solid sodium 
chloride causes contraction visible to the eye in the spot to which it is 
applied. 


Pinching. In the jejunum of the cat (balloon method) the effect of : 
pinching the part of the intestine over the balloon usually changes in ; 
the course of the experiment. At the beginning there is usually a ; 
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slight after-increase in the tone and in the strength of the contraction — 
(Fig. 4 a), and this may occur even when pinching just above causes 
some inhibition (Fig, 4 5), 


Fig. 4. Jejunum of cat. a, b, and c, are taken from different experiments. a. Pinch 
balloon gently 4 times. c. 
it twice. c. Pinch balloon 10 times. 


Later there is a slight decrease of tone, preceding the after-increase 


. (Fig. 4c). Later again there is more or less prolonged inhibition, and 


finally there is no effect. In every experiment there is a more or less 
prolonged period during which, if the contractions are increased by local 
application of atropine, a series of gentle pinches applied to the intestine 
in the balloon area causes marked inhibition (Fig. 5). This occurs al- 
though pinching above and below has no effect or a very inconstant one. 


Fig. 5. Jejunum of cat. Contractions caused by 1 p.c. atropine. Time in seconds. 
a. Balloon pinched six times. b, Pinch ten times a little below balloon, then in the 
balloon region. In Exp. b. ee 
14 days (cf. p. 47). 


B. PERISTALTIC PROPULSION OF INTESTINAL CONTENTS. 


The descending colon of the rabbit cut out soon after death and 
placed in Ringer’s solution at 38°C. through which a stream of oxygen 
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is passed, affords a good demonstration object of peristalsis. It enters 
for a short time into a state of greater or less tonic contraction, and then 
pendulum movements and peristaltic contractions begin ; the scybala are 
driven downwards and are forced out at the anal end, one or more at a 


time, the last one or two commonly traversing the whole length (ot the 


10 to 12 cm. we have taken) without a halt. 


- For class demonstration purposes two pieces may be cut out and suspended from a rod — 
in a flat-sided glass vessel, one piece having the anal end upwards, the other the anal end 
downwards; a light weight must be attached to the lower end of each to prevent it from — 


floating to the top of the fluid. 


The experiments of many early observers have shown that the 


propulsion of a body along the intestine is primarily caused by a — 
wave of contraction which starts above the body. The adjuvant — 
action of simultaneous inhibition below the body had been suggested — 


by some observers’ but had a very slender basis of fact until the decisive 
experiments of Bayliss and Starling i in the dog*. 

The progressive contraction is of course easily seen with the eye, the 
whole phenomena can be demonstrated in a graphic tracing by the survival 
method, and sometimes in a very striking manner. Ten to twelve 

centimetres of the descending colon of the rabbit are taken, the scybala 


are allowed to be forced out as just described or are at once squeezed — 
out. The piece of colon is then arranged to give a graphic record of the | 


contractions of the circular coat at a point about 34 cm. from the anal 
end, A large pea, or a fecal ball is inserted at the upper end and 
pushed 14 to 2 cm. down*. 

At first rhythmic contractions are usually seen above and below the 
pea, often alternating with one another; so far as we have observed these 
contractions have no effect upon the contractions recorded by the lever. 
Suddenly the contraction above the pea spreads downwards, pushing the 
pea before it. Sometimes the pea is carried to the lower opening in a 
_ single progressive movement. And it is seen that whilst the pea is 
moving there is cessation or marked diminution of the contractions re- 
corded by the lever, that is to say, there is inhibition of the intestine 
below the peristaltic wave. 

Fig. 6 a and Fig. 6 b give tracings of contractions when the pea was 
carried without halt by a peristaltic wave from the —— to the end 
of the piece of colon, 

1 Cf. Mall. Johns Hopkins Hospital Reports, 1. p. 71. 
* Bayliss and Starling. This Journal, xxv. p. 99. 1899, : 
® The tracings of the peristaltic wave in Figs. 6, 7, 8 were taken in this way. 
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In Fig. the forward. movement began at once. The point re- 
corded was inhibited till the peristaltic wave reached it (marked by a 
strong contraction in the tracing). At EH the pea lay in the lower | 
opening of the piece of colon’, 


Fig. 6. Contractions of circular coat descending colon of rabbit. Survival method. At 
} @ pea was introduced into the upper end. The part underlined marks the duration 
of the forward movement above the recorded point. At E the pea had reached the 
exit. At § it was extruded. 


In Fig. 6 b the peristalsis began i in jist ei the pea reached 


the lower opening at Zand was extruded at }. In both cases the rate 


of movement below the recorded point was less than that above it. — 

Not infrequently the pea comes to a halt about a centimetre above 
the recorded point. Then, as at first, the contractions usually occur just 
above and below the pea until the contraction above again spreads down- 
ward. Two variations in this form of the curve are shown in Fig. 7. 
The symbols under the tracing have the same signification as in Fig. 6. 
In a the pea was rapidly pushed down nearly to the recorded point, then 
there was a pause, then it was slowly pushed on and extruded. In Fig. 65 
the pea was slowly pushed down nearly to the recorded point, during which 
there was decrease of tone, but not cessation of the contractions; after a 
pause of about 4 seconds it was slowly pushed on to the exit, where it 
remained. 

It may be noticed; that after the strong contraction at the recorded 
point caused by the peristaltic wave, there is usually a marked decrease. 
or cessation of the contraction (cp. Figs. 6 and 7), for a time varying from 


the edge folding over slightly and thereby offering greater resistance. ee 
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a few seconds to a minute, and then the normal contractions begin once 


Fig. 7. 


The whole process may be repeated, sometimes as many as half-a-dozen 

times, by inserting the pea again at the upper end, but sooner or later 

- the pea is no longer moved on, and pendulum movements only occur. 

Although on repetition this peristaltic propulsion becomes less rapid and 

less complete, marked inhibition may still be produced, as in Fig. 8, in 

which case the pea was pushed in two movements, at a considerable 
interval, towards the recorded point, but never reached it. 


“Fig. 8. 


When the peristaltic progression lasts for a few seconds only, 
although, as a rule at any rate, it coincides with relaxation below, the 
tracing is unconvincing. In the stage in which peristalsis can be pro- 
duced, the colon always, or almost always, gives a very irregular tracing. 
The irregularity is chiefly in the extent of the contraction and relaxation 
and in the tone ; but at times also in the rhythm of contraction. And 
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contraction and relaxation normally take about 3 seconds each. 
Consequently it is difficult, and often impossible, to distinguish on the 
tracing, brief inhibition due to peristalsis, from decrease of tone and 
delay of contraction occurring spontaneously. The same remark applies, 

i though to a much less extent, to tracings taken when the peristalsis is 
active, 


©. THE OUTSPREAD OF LOCAL STIMULATION. 


The peristalsis already considered is of course an instance of the 
spreading out of stimuli from the part in contact with the bolus, bnt 
since Nothnagel’s contraction above, and Bayliss and Starling’s 
inhibition below a stimulated spot, can be obtained without the occurrence 
of a peristaltic wave, it is convenient to consider the effect of stimuli 
i apart from peristalsis. 
: i. Descending colon of the rabbit. Bayliss and Starling, using 
: the. balloon method, found some difficulty in demonstrating in the 
rabbit the inhibition below the point pinched (the stimulus used by 
them) but they found that inhibition for a few seconds did occur. We 
tried the balloon method, and did not obtain more favourable results 
than Bayliss and Starling. Not much better results were obtained 
from the colon by the survival method, on pinching and rubbing. 
Touching with a small crystal of NaCl gave better effects, but they 
were inconstant and difficult to interpret on account of the irregularity 
of the normal contractions. Much more constant and much better 
results were however obtained by taking a little sodium chloride solu- 
tion in a fine pipette, and allowing about one drop to flow from it over 
the colon 1 to 2 cm. from the spot recorded. All strengths of salt 
solution from 5 p.c. to saturated had an effect, but we usually used 
10 p.c. This reaction though lasting longer than the peristalsis, did 
not last long after removal from the body. Occasionally though rarely, 
as was found by Bayliss and Starling in the dog, the stimulus below 
caused inhibition instead of contraction. 
In Fig. 9 the outspread. of inhibitory effect. on dolla a solution 
of sodium chloride to the rabbit’s colon is shown. 
ii, Cat. Balloon method. Bayliss and Starling in the snadisioy 
of their experiments on the cat did not obtain any effect on the balloon 
area from pinching above or below it. But in two out of three cases 
in which castor oil had been administered, they obtained the contraction 
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above and inhibition below which they had obtained with considerable 
constancy in the dog. 


Fig. 9. Descending colon of rabbit. One drop of the solution was allowed to run from a : 


_ fine pipette on to the intestine, 1 to 2.cm, from the recorded spot. Ina a 10 p.c. solution 
was used and in b a half-concentrated solution. In a it was applied above the record- 
ed spot; in b first above and nearly two minutes later below the recorded spot ; the 
latter case is given as an instance of inhibition spreading above the point of 
stimulation, usually it causes contraction as in Nothnagel’s reaction. a is taken from 
Exp. 5 (cf. p. gene: ocr of the inferior mesenteric nerves had been cut 
10 days. 


. In all our experiments a contraction above the point to which 
a crystal of NaCl was applied was visible to the eye—as described 
by Nothnagel and others—provided the application took place early 
in the experiment; it was however in the majority of cases confined 
_ toasmall area—extending 3 to 5 mm. above the point of application. 
The contraction produced above by pinching the intestine (not too 
strongly) and by applying solutions of sodium chloride, was also very 
restricted, so that as a rule we did not obtain evidence of any rene 
contraction-in the tracings, 

In all the experiments, save one, we obtained evidence on the 
tracings of inhibition on pinching above the balloon. Sometimes a 
single moderately hard pinch was applied, but usually a series of gentle 
pinches at intervals of about half a second. An example of. this effect 
is given in Fig. 10. 

In pinching the intestine near the balloon, it is difficult to ick 
slight pressure on the balloon, as in Fig. 10), either by dragging the 
wall of the intestine, or pressing on its fluid contents; this introduces 
a complication, as it may of itself be sufficient to cause inhibition 
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(cp. above, p. 38). Thus in Fig. 11, in which the larger contractions 


produced by atropine were inhibited by 3 gentle pinches 1 cm. above 


Fig. 10. Jejunum of cat. A. Normal small contractions. Time marker marks seconds. 
At a the intestine was pinched gently 8 times 2 cm. above the balloon, at b four 
times immediately above it. B. From same Exp. Larger contractions produced by 
pilocarpine. The stimuli applied are given in the tracing. 

the balloon, the inhibition can only be referred to a stimulus spreading 

down by comparing it with the effect produced by similar direct 

pressure in the balloon region. 


Fig. 11. Jejunum of cat. Contractions caused by atropine 1 p.c. Intestine pinched at 
@ three times above the balloon. 


Inhibition of varying degrees was usually obtained by sdliien 
sodium chloride solution 5 p.c. to saturated (but usually 10 p.c.) to 
the intestine above the balloon. An example of moderate inhibition 
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is given in Fig. 12. The intestine in this case gave hardly visible 
contractions, and 0°5 p.c. strychnine had been applied once to the 
balloon region to produce them. 


‘ 


Fig. 12. Jejunum of cat, Small strychnine contractions. 10 p.c. sodium chloride 
. applied to intestine above the balloon. 


With solutions of salts, the possibility of a direct spread of the 
stimulus to the balloon region must be borne in mind. This applies 


still more to another method we have tried, viz. the application of 1 p.c. 


nicotine above the balloon, and which commonly produces inhibition 
in the balloon region, Until further investigation then no stress can 
be laid on the apparent outspread of stimuli caused by the application 
of chemical substances to the intestine with its circulation intact. 

It must be noticed that although inhibition below a point stimu- 
lated was so frequently obtained, it was in any one experiment—which 
lasted two to three hours—very inconstant ; at one time the inhibition 
would be marked and at another absent, and the period during which 
one or the other state supervened was sometimes at the beginning of 
an experiment, sometimes an hour or two later. That the inhibition 
was not produced by reflexes from the central nervous system by way 
of possibly uncut nerve strands, was indicated by the effect being closely 
proportional to the nearness of the stimulus to the balloon. 

The normal contractions were small' and apart from excitation re- 
mained so throughout the period of observation. But in most cases in 
about half-an-hour atropine or strychnine was applied locally in order to 
obtain good contractions. ioe 

In a considerable number of instances inhibition was obtained by 
stimulating below the balloon as in Fig. 18. The occasional occurrence 

? The animals were taken 3 hours after a full meal, at the end of the digestion of milk 


when the lacteals were white and distended, and in the hungry state about 12 hours after a 
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of such inhibition has been noticed by Bayliss and. Starling and by 
Magnus. It was also, though more rarely, obtained by: the — 
method both in cat’s and rabbit's intestine (ep. Fig, 9 5). 


Fig. 13. ‘Jejunum of cat. At (a) the intestine was twice pinched gently 2 cm. and st 
(+) pinched once 2 cm. below the balloon. 


2. The intestine after degeneration of nearly all its 
sympathetic post-ganglionic fibres. 


The section of the nerves was performed in three cats (Exps. 1, 2, 3) 
and in two rabbits (Exps. 4, 5) under ether anesthesia. In the former 
the superior mesenteric nerves were cut, and the condition of the intestine 
examined after 5, 7, and 14 days respectively. In the latter, the inferior 
mesenteric nerves were cut and the condition examined in 7 and 10 days 
respectively. 

In the cats the nerves were out a little below the point where the 
superior mesenteric artery and vein diverge, 1.¢. about 14 to 2 cm. from 
the ganglia of the solar plexus; the mesentery was also cut about a 
centimetre on either side of the artery. In Exp. 1 all the medullated 

fibres running to, the part of the intestine experimented on (the ileum) 
_ were degenerated. In Exp. 2 also, no sound medullated fibres were found 
in the nerves running to the ileum, but a few were present in the nerves 
running to the jejunum, and lower part of the duodenum. 

In Exp. 3 no sound medullated fibres ran to a portion of the siete 
but the nerve strands to the remainder of the intestine contained a con- 
siderable number, and they were especially numerous in the duodenal 
and jejunal portion; on examining the nerves on the superior mesenteric 
artery, two strands forming about th of the whole were found to be 
uncut ; the medullated fibres in these seemed to be less numerous than in 
the nerve strands more peripherally, though we could not find any other 
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uricut nerve fibres. In the experiment, the nerves (with the vessels) — 


running to the portion of the intestine in which the balloon was placed 
were stimulated; the stimulation in Exp. 3 caused inhibition in the 
first two portions tried but not in the third, In this experiment, 
although the very great majority of the nerve fibres had been cut, the 
uncut portion may have been sufficient to carry on the normal function 
and to allow reflexes from the central nervous system to be produced. 

In Exp. 2 the section of the nerves was much more complete, but still 
not quite complete.- In Exp. 1 the histological examination did not 
exclude the possibility of a few sound non-medullated nerve fibres being 
present, so that we only take the results as showing what is the state of 
the intestine when the vast majority of the sympathetic post-ganglionic 
fibres have degenerated. 

It is to be noted that in each case all the large and medium 
medullated fibres were degenerated, such sound medullated fibres as were 
present were all small. 


- The section of the superior mesenteric nerves is best done on the right side, the gut 
being held up and the forefinger placed on the left side supporting the artery. The section 
of the adjoining mesentery implies the section of the superior mesenteric lacteal, this how- 
ever does not appear to have any noticeable effect, unless the duct is obstructed. With a 
little practice the section of the nerves takes only a few minutes. 

For histological examination the sup. mes. art. with its chief branches in the mesentery, 
the sup. mes. vein and the surrounding tissue, were placed in osmic and the necessary 
portions teased. The mesentery attached to the pieces of intesti perimented on were also 
treated with osmic acid and the nerve strands in them examined. In each Exp. the number 
of degenerated fibres on the superior mesenteric artery near its main divisions were in 
hundreds and possibly in thousands; in the parts examined in Exps. 1 and 3 no nerve cells 
were found ; in Exp. 2, six cells were found which may have been nerve cells. It may be 
noted that the section probably cut the vagus fibres to the intestine since these so far as 
they have been traced run with the superior mesenteric nerves, The upper half of 


the duodenum was in no case used for experiment, since it is possible that this receives 
some nerve fibres from the cceliac nerves. ; 


In the experiments on rabbits the hypogastric nerves and the nerves 
accompanying the inferior mesenteric artery were cut distally of: the 
inferior mesenteric ganglia, the ascending strand (supplying the upper 
part of the colon) was also cut through, but in both experiments a portion 
of the upper ganglion’ was left intact’ so that not all the post-ganglionic 
fibres to the upper part of the colon were cut. In Exp. 4 the main 
strands running in the mesentery from the pelvic nerve (a) were also 
cut, in Exp, 5 a small part only. 
oe the anatomical relations ep. Langley and Anderson. This Journal, xx. p. 882, 
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The part of the intestine éxamined was that about 3 cm. below and 
7 to 10 om. above the level of the inferior mesenteric artery : a portion 
which has not been shown to receive any sympathetic fibres except those 
accompanying the inferior mesenteric artery. It is not however certain 
that the apper and lower ends of this piece do not receive nerve fibres 
_ from the ascending branches, and from the ganglia on the course of the 
hypogastrics respectively, so that, as in the cat, the experiments can 
only be taken as showing the state of the intestine after degeneration of 
the vast majority of the post-ganglionic sympathetic fibres. In neither 
experiment were the whole of the fibres coming from the sacral region 
cut, as was shown by the presence of small sound medullated fibres in the 
mesentery close to the intestine. 

The complete severance of the post-ganglionic sympathetic fibres supplying the colon 
of the rabbit does not in itself present any great difficulty. The lower inferior mesenteric 
ganglia can be taken up with forceps on one side, the hypogastric nerves below and the 
_ upper inferior mesenteric ganglia above.cut out. The lower inferior mesenteric ganglia of 

the opposite side can then be removed. There is some bleeding but this soon stops. This 

operation however involves the severance of a considerable portion of the mesentery and — 
in the one ease in which it was performed the descending colon became twisted on iteelf, 
obstruction was caused and the animal died. 
_ . The examination of the condition of the intestine was made by the 
methods already given for the normal animal, and all the effects 
described above for the normal animal were obtained (examples of 
certain of the effects are given in Figs. 1, 3,5, 9). There was some 
difference in degree, but the number of observations is insufficient to 
make it certain whether the differences were due to the disappearance 
of the nerves or to other causes. 

The inhibitory effects of adrenalin and nicotine were apparently not 
@ whit less than normal; in the cat’s intestine the inhibitory effect of 
sodium chloride and of pinching appeared to be greater than normal. 

The stimulating effects of atropine, strychnine, and cocaine, on the 
cat's intestine appeared to be somewhat less than normal: the rabbit's 
descending colon gave good peristalsis, and a graphic record showed 
inhibition below the peristaltic wave, but the peristaltic activity was 
below the average, for after extrusion of the normal contents in Exp. 5 
only one satisfactory peristaltic wave was induced by inserting a pea at 
the upper end. In the graphic record of the peristalsis the inhibition 
below the wave, though distinct, was not so marked as usual, «.e. the out- 
_ spread of stimuli seemed to be somewhat impaired. In the cat's intestine, 
the outspread of stimuli by pinching and by applying sodium chloride 
above the balloon was less distinct and Jess frequently obtained than in 

PH. XXXIII. 4 


> 
af a 
‘ 
4 
v4 
by 
‘ 
4 
& 
a 
4 
q 
J 
ial 


50 J. N. LANGLEY AND R. MAGNUS. 


the normal animal, but it was obtained both on. stimulating above and 
below the balloon. In Exp. 1 this was also obtained by the survival 
method. In the descending colon of the rabbit, a drop of NaCl solution 


applied above the recorded spot caused inhibition; this was marked in — 


Exp. 5, slight in Exp. 4; in one case the solution applied below the 
recorded spot also caused inhibition. 
As we have said, however, we cannot at present refer such differences 


as were observed in the state of the intestine to the degeneration of its 


nerves; the positive result is that after degeneration of the vast 
majority of its sympathetic post-ganglionic fibres, the intestine gives all 
the reactions which are normally obtained from it. 


GENERAL SUMMARY. 


1. The experiments of Bayliss and Starling on the dog’s small 
intestine after section of its pre-ganglionic fibres have shown that a 
peristaltic wave of contraction is preceded by inhibition of the intestines, 
and that on pinching the intestine there is usually inhibition for a 
variable distance below the spot pinched. They obtained evidence of 
similar phenomena in the small intestine of the cat and rabbit and in the 
large intestine of the dog and rabbit. The least satisfactory cases were the 
small intestine of the cat and the descending colon of the rabbit. We 
have investigated the small intestine of the cat, chiefly by the balloon 
method, and the descending colon of the rabbit by the survival method. 
In both cases ample evidence was obtained of the general truth of the 
law laid down by Bayliss and Starling. 

2, The descending colon of the rabbit, freshly excised from the body 
and arranged to give a contraction of the circular coat by Magnus’ 
method, is an especially favourable object for observing the phenomena 
accompanying peristalsis. On it also the contraction above, and in- 
hibition below a stimulated point can generally be demonstrated, though 
with less constancy. The best stimulus for producing inhibition below 
is sodium chloride solution 5 p.c. to saturated. At the point of application 
of the salt solution inhibition is also, as a rule, produced. 

Degenerative section of the great majority of the post-ganglionic 
sympathetic fibres running to the descending colon does not abolish any 
of the reactions mentioned above, nor those normally obtained with 
atropine, strychnine, adrenalin, or nicotine. | fe 

3. In the case of the cat’s small intestine, observations on the anms- 


thetized animal by the balloon method is preferable. After section of 
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the vagi and of the superior mesenteric nerves, strong and fairly regular 
contractions can be obtained by applying directly to the intestine in the 
region of the balloon, 1 p.c. atropine, *5 to 3 p.c. strychnine, and, as has 
already been observed by Bayliss and Starling, cocaine (1 to 10 p.c.). 
The normal small contractions, and the larger ones obtained by atropine 
or strychnine, are at some time or other, in nearly all experiments, 
decreased or stopped by a stimulus applied above the balloon; but 
this effect is not constantly produced in any one experiment. | 

Direct stimulation of the intestine in the region of the balloon causes 
at first increase in the size of the contractions, later in an experiment, 
more or less marked inhibition, and later still it has no effect. In- 
hibition is also produced, as‘a rule, by direct application of solutions of 
sodium chloride. 7 

Degenerative section of the ques majority of the superior mesenteric 
nerves (the post-ganglionic sympathetic fibres) does not abolish any of 
the above effects; nor the inhibition normally produced "7 adrenalin 
and by nicotine. 
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THE GASEOUS METABOLISM OF THE KIDNEY. By 
J. BARCROFT, M.A, anv T. G. BRODIE, MD. F-RS. 


(Five Figures in Text.) 


(From the Physiological Laboratories of Cambridge University andthe 
Royal Veterinary College.) 


IN @ previous paper’ we have discussed the relation existing between 
the gaseous exchange of the kidney and the volume of the urine 
secreted and the results then obtained may be summed up as follows. 
When the rate of secretion of urine is greatly increased by the injection 
of a diuretic (urea or sodium sulphate) there is synchronously an 
increase in the amount of oxygen taken from the blood by the kidney, 
but there is not always, or even generally, a simultaneous and immediate 
increase in the amount of carbonic acid taken up by the blood from the 
kidney. This increased oxygen metabolism does not depend upon 
increased blood flow. 

Although an increased flow of urine is associated with an increased 
oxygen-intake we were unable to show any simple numerical relation- 
ship between the two increments. We may say at once that even if 
the two factors can be expressed by some simple formula, our experi- 
mental method is not sufficiently delicate to give us more than a first 
approximation to it. It seemed probable that the oxygen-intake might 
be more nearly related to the work performed by the kidney in secreting 
the urine than to the volume of the urine, and the object of our present 
paper is the investigation of this point. 

Eaperimental methods. We have followed the same general ex- 


perimental methods described in our previous paper. In detail we 


have added little. The analysis of the blood-gases, when performed 
by the method of Haldane and Barcroft, has been carried out in 
duplicate. In one experiment (Exp. 4) the mercurial pump was used. 
The same results have been obtained by both methods. The measure- 
ment of the rate of blood flow through the kidneys has been effected 


1 This Journal, xxxu1. p. 18, 1904, 
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as in our previous experiments, in Experiments’ 4, 5, 6 and 7. In 
Experiment 8 a graphic method has been adopted. For this purpose 
the end of the horizontal tube along which the venous blood was 
made to flow was connected to a small bellows-recorder by a rubber 
tube, a glass T-piece being interposed. The lateral orifice of this 
T-piece was left open so that by closing it by the finger at any time, 
the rate of rise of the lever of the recorder gave the rate at which 
blood was flowing along the horizontal tube. The recorder was first 
calibrated by injecting 0°5 c.c. of water into the tubing leading to it, 
the two levels being then marked continuously by means of two fixed 
writing points. Beneath these three writing points a time-tracing 
was recorded by an electromagnet actuated by a tuning fork, vibrating 
at the rate of 30 per second. In illustration of this method of recording 
the rate of flow we reproduce in Fig. 1 a tracing obtained during one of — 
the experiments. From it we see that the time occupied by the 
recorder-lever in crossing between the two horizontal abscisse was 
33 vibrations of the time-marker, i.e, 1°] second. Hence as 0°5 c.c. 
of blood had displaced an equivalent amount of air into the recorder, 
during this time, the rate of blood flow was 27°3 c.c. per minute. The 
flow in this instance was from the left kidney only. 


Fig. 


As each observation occupies so short a time it is possible to take 
a series of two or three while some 5 or 6 c.c. of blood issues from the 
vein. These have been found in all instances to agree very closely 
with one another, and also with other estimations taken by the older 
method in which the outflow of 5 or 10 c.c. of venous blood was timed. 
In all cases the blood which had flowed along the tube was at once 
returned to the animal. 


preliminary, so far as the concentration of the urine is concerned. Ali is experimente 
are numbered in chronological order. 
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In estimating the amount of work performed by the kidney we. 
have adopted the method suggested by Dreser’, in which the work 
is considered as equal to that required to concentrate the urine from 
the molecular concentration of the blood to that of the fluid secreted. 
We have adopted the formula used by Galeotti*, which is a modification 
of the one employed by Dreser. | ) 

‘Thus for the purposes of our extended experiments, at the time 
that we have collected our arterial and venous samples we have 
simultaneously collected about 10 cc. of arterial blood which has. 
been whipped and kept for the subsequent determination of its freezing 
point. These samples are designated B,, B,, etc. in our protocols. The 
urine secreted has also been collected, measured and kept in successive 
portions for the same purpose. The depression of the freezing point 
has been determined by Beckmann’s apparatus. The working error 
of this instrument in our hands has been about 0°005° C. | 
| The determinations which make up a single observation, are 

therefore : | 

(1) The rate of flow of blood through the two kidneys. : 

(2) The gases in arterial blood and in that from the renal veins. 

(3) The rate of flow of the urine. | 

(4) The depression of the freezing point of the whipped arterial 
blood, 


(5) The depression of the freezing point of the urine. 


THE CONCENTRATION OF THE URINE. 


In common with other observers we find that during diuresis the 
urine is less concentrated than during normal periods, and, further, that 
commonly the increase in the volume of urine secreted overshadows 
the diminution in the concentration so that the kidney performs more 
work in concentrating the urine during diuresis than normally. This 
was the case in Exps. 1 and 2 but the results of Exp. 3 showed us that 
there might be exceptions to this rule. In this experiment 100 cc. 
_ of a 5%, solution of urea was injected into a dog of 14 kilos. The 
injection lasted 4 minutes, from 2h. 9 mins. to2h. 13 mins. The flow 
of urine was so great and the depression of the freezing point of the 
urine so small that we give the account of the secretion in detail. : 


1 Dreser. Arch. f. exp. Path. u. Pharm. xxrx. p. 808. 1891. 
* Galeotti. Arch, fiir (Anat. und) Physiol. p. 200. 1902. 
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, Time per min. ~ A 
2.15 to 2.28 2°5 0.0. 0°746° ©, 
2.28 to 2.31 69 0°634 
2.81 to 2.35. 6°8 0°602 
2.85 to 2.40 7% 0°592 
240%0242 195 0575 
2.42 to 2.44 0°6381 


Sample of blood taken at 1.80, A=0-692° ©. 
” ” 2.61, A=0°695° ©. 


| “From the above figures it will be seen that the urine secreted 
after 2.23 was less concentrated than the blood collected at 2.51. 
-In all probability no change in the concentration of the blood took 
place after 2.44, because both kidneys were excised at 2.46. The 
blood collected at 2.51 is thus comparable with the urine secreted 
at 2.44, and there is no appreciable error in comparing it with the 
urine secreted between 2.20 and 2.42. Another instance, though a 
less marked one, of a urine which is more dilute than the blood 
serum from which it is secreted, is to be found in Exp. 8, in which 
the urine secreted between 3.49 and 3.50 gave a value of A =0°634°C., 
while the blood collected at 3.53 gave A=0° 650°C, In this experi- 
ment the diuretic was sodium sulphate. 

Throughout our experiments the variations in the freezing point of 

_ the blood have usually been very small (see especially Exps. 3, 4, 7 and 
_ 8). This is probably due to the fact that only relatively small aniounts 
of diuretic have been injected _ that its concentration has not been 
high. , 
- Urines showing a smaller doin of the freezing point than 
the blood have been described by Dreser’ in cases where large 
quantities of water are taken into the system, as by beer drinkers, 
but up to the present they have not, so far as we know, been produced 
experimentally by diuretics. 

Such results do not in themselves prove that the glomerular 
secretion is not a filtration. As has been pointed out by previous 
workers we may assume that the cells of the tubules had either absorbed 
salts or secreted water in excess, either case resulting in a flow of urine 
less concentrated than a glomerular filtrate. of the same concentration 
as the blood. Against the first of these two assumptions is the fact 
that in many cases the suggested absorption of solid material would be 
greatest, not only absolutely but per cubic centimetre of urine secreted, 


Dreser. Arch. f. exp. Path. u. Pharm. xx1x. p. 807. 1891. 
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when the flow of urine was most rapid. Thus, in the experiment just 
quoted, there is a greater divergence between the freezing points of the 
blood and urine when.19°5c.c. of urine were secreted per minute, than 


in the preceding period when 7°5 c.c. per minute, or in the subsequent — 


period when 6'5 c.c. per minute were secreted, Hence, there are only 
two possibilities left, either the convoluted tubules can under the proper 
conditions secrete water or at least a fluid of very low concentration, or 
on the other hand this secretory power is possessed by the glomeruli. 
_ Exp. 3 had an interest independent of the considerations to which 
we have just referred. At some moment, presumably between 2.23 
and 2.31, the concentration of the urine must have been identical with 
that of the blood. At this time, then, the kidney was secreting a 
considerable quantity of urine without apparently any energy being 
spent upon its concentration. Hence it is possible to obtain a crucial 
experiment in which the gaseous exchange under such conditions can 
be compared with that of a normal period. Failing to obtain these 
conditions exactly, there remains the greater probability of being able 
to contrast two periods in which either the work of concentration or 
the volume of urine secreted remains approximately constant while the 
other varies considerably. | 
Exp. 8 furnishes us with an instance of the former kind. At the 


height of diuresis and at the moment of taking our samples, the values - 
of A for the blood and for the urine were identical, while the diuresis _ 


was copious. Further, in the periods before and after, the flow of urine 
was very slow, so that in all three periods of observation, by reason at 
one time of the slowness of the flow and at the other of the similarity 
of the fluids, the work of concentration which the kidney was performing 
was approximately zero. 


Again, in Exp. 5, the work of concentration was practically zero. 


(34°5 g.cms. per min.) while the flow of urine was considerable (1°34 c.c. 
per min.), Previously, with rather more than double the flow, the 
work of concentration amounted to 1941 g.cms. per min. Before 
considering in detail the results obtained in these experiments it will 
be convenient to give the following abridged protocols of Exps. 4, 5, 6, 7 
8, 

The anesthetics used in these experiments have been chloroform 
and mixture—morphia has been withheld, . 3 
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Exp. 4. Dog. 


12.15 


12.87. 

12,40. 
1.13. 
1,15. 


1,21,. 


1.25. 
1.87. 

1.41, 
1.46. 
151, 


1.52. 
1.53, 


Pm. . 

Urine :—1-4 0.0. 

Urine :-—8°0 c.¢. 

Urine :—11°0 o.c, (=U,). 

Arterial and venous samples taken (A and B). 

of Wood taken for determination of 4 
Rate of blood flow :—10 ¢.¢, in 4-5 secs. (133°3 0.c. per min.) — 
Blood flow :—10-c.c, in 4°4 secs. (136°3¢.c. per min.) 

50 ¢.¢: urea solution injected (5%). 

50 c.¢. ” ” 

Urine :—18 c.¢. 

Sample of arterial blood for determination of 4 (B,)- 

Urine :—22 ¢.c (= U,). 

Blood flow (133-3 c.c, per min.) 

The diuresis has fallen off considerably. 


B,. 0°674 U,. 1-033 
0°675 Uy. 0-935 
"Analysis of the blood gases guve the following figures 
Sample A B 6 D 
Oxygen 19°5 19°1 16°8 13-8 
co, 43°8 . 47-2 43°3 441 
Hence :— 
Oxygen per min. 0°053 c.c. 4°0 c.c, 
CO, per min. 4-40 18 
Urine per min. 0°24 1-2 
Work per min. 7607 14864 grm. cms. 
Exp. 5. Dog. Weight 7 kilos. Left kidney, weight 10°19 ¢ Right kidney, 166 g. 
Operation finished, 1.14. 
1.30. Urine appeared from left kidney. 
1.55. Blood samples taken (A and B). 


2.0. 
2.10. 
2.21, 
2.87. 
2.41. 
2.49. 
2.51. 
2.52. 


8.17. 


Rate of blood flow :—10 c.c. in 15°4 secs. (89 c.c, per min.) — 
Commence to.inject 150 ¢.c: 5 ures solution. 

Injection finished. 

26 6.0. 10°, sodium sulphate injected. 

25 

Blood samples collected (C and D). Sample B, for A. 

Rate of blood flow :—10 c.c. in 6°4 secs. (94 c.c. per min.) 
Urine :—8°4 ¢.c. (Since 2,44.) (=U,) 

Blood samples taken (E and F). Sample B, for A. 

Rate of blood flow :—10 c.c. in 15 secs. (40 ¢.c. per min.) 
Urine:—8°4c¢.c, (Since 2.57.) (=U,) 

Blood samples collected (G and H). Sample B, for A. . 
Rate of blood flow:—5c.c. in 85°6 secs. (8°4 6.c. per min.) 
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Exp. 6. Dog. Weight 10 kilos. Weight right kidney, 27°6 g. Left, 80°8 g. Opera- 
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tion completed at 12.25. 7 


12.30, 
12.57. 


Urine flowing from both ureters. 

Arterial sample taken (A). Sample B, for A. 

Venous sample taken (B). 

Rate of blood flow:—10 ¢.c. in 5°2 secs. (=115 c.c, per min.) 
7 10 c.c. in 5°0 secs. (=120 c.c. per min.) 

Commence to inject 100 o.c. urea solution (5 °*/,). 

Injection completed. 

Urine :—8°4 ¢.c. (Since 12.30.) (=U,) 

Inject 50 o,c, 5 °/, urea solution. 

Urine :—0°0. 

Urine :—9°2 c,c, (= U,). 

Blood samples collected (C and D). Sample B, for A. 

Rate of blood flow:—10 c.¢. in 6°2 secs. (=97¢.c, per min.) 

10 in secs, (=106 c.c, per min.) 
Inject 40 ¢.c. urea solution (5°/,), 


. Bate of blood flow :—10 ¢.c. in 6 secs. (=100¢.c. per min.) 


10 ¢.c. in 5°8 secs. (=103 c.c. per min.) 


8.2. Arterial sample collected (E), Sample B, for A. 
3.6. Venous sample collected (F), 
3.7. Rate of blood flow :—10 ¢.0. in 8.4 secs. (=72¢.c. per min.) 
10 ¢.c. in 8°2 secs. (=74 c.c, per min.) 
8.9. (Since 2.41.) (=U,) 
Estimation of the freezing points gave :— 
B=0°543 B=0°610 B=0°685 
U=1°410 U=1°170 ~U=1°280 


_ Determinations of the freezing points gave :— | 
| B,=0°648 B,=0°685 B,=0-754 By=0-674 
| U,=1°210 ‘U,=0-880 
Analysis of the blood gases gave :— 
Period L Period II. Period III. Period IV. 
 @) 2278 2147 18°69 1081 1049 778 817 066 
(2) 9816 2192 1869 1027 115 819 838 065 
Mean 98:16 2109 1869 1054 1002 796 828 0665 
co, — 8718 8987 4805 1965 2400. 1789 21°61 
81-12 3894 88°79 4805 1872 2400 1809 1-14 
Mean 81:12 3806 3933 4805 1919 24°00 1799 21°88 
| : 
O, per min. 0°57 c.c. 2°95 c.c. 1140.0. 0°64 
CO, per min. 8°49 1-92 
Urine per min. 00 0°85 0°84 0075 
Work per min. 1941 84:5 0-0 g.cms. 
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Analysis of the blood gases gave :— 
Period Period II. Period 
0, (1) 186 99 12°1 67 10°38 76 
co, (1) 462 46°83 48-0 51°6 86°2 
(2) 453 488 520 
Oy per min. 4°85 0.0, 1-66 
CO, per min. 1°88 3°98 
Urine per min. 0°05 ae 1°58 0 
Work per min. — 327-0 1651°0 0°0 g.cms. 
Exp. 7. Dog. Weight 31. kilos. Weight of rght=00 gms, 8h gems 
Operation finished, 3.43. 
8.45. Commence to collect urine. | 
4.85. Arterial and venous samples collected (A and B), Sample B, for A. 
4.45. Rate of blood flow:—10 c.c. in 4 secs. (=150 0.0, per min.) 
5.0. Urine:—6 (=U)). 
6.1. Phloridzin, 0-2 g. dissolved in 1°, Na,CO,, 25 ¢.c. 
5.6. Urine contains sugar. 
§.22. Arterial sample taken (C). Sample B, for A. 
5.24. Urine:—9°6 c.c. since 5.16 (=U,). 
5.26. Venous sample taken (D). 
5.28. Rate of blood flow :—10 c.c. in 6°2 secs, and 10 c.c, in 5-0 secs, 
(Mean, 107 c.c. per min.) 
5.52. Arterial sample taken (E). Sample B, for A. 
5.55. Venous sample taken (F). 
6.0. Rate of blood flow:—10 c.¢. in 4°4 secs., and 10 ¢.c. 
(Mean, 147 ¢.o. per min.) 
6.6. Urine:—6°6 c.c. since 5°47 (=U;). 
Determinations of the freezing point gave :— : 
B, =0°622 B,=0°621 
U, =1°462 U,=1°078 U,=1:067 
Analysis of the blood gases gave :— 
| Period Period Period III. 
Sample A B D E 
(i): 174 169 16°8 173 16°2 
(2) 178 -20°7 16°0 
Men 178 169 202 164 175 16-8 
CO, (1) 449 47°4 43°4 451 8074 823 
— 48°4 44°5 449 29°8 
_Mean 449 44°0 450 . 80°1 82°83 
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min. 1°35 ©.c. 4°07 1°89 
Urine per min. O1 - 0-47 
Work permin. 5560 2281-0 885-0 g.cms. 
Exp. 6. Dog Weight 10 kilos. Weight of kidneys, right=%8 g., left=80 Opera- 
tion completed at 12,45. 


1.57. Arterial and venous samples taken (A and B). —— ae 
2.5. Bate of blood flow :—150 ¢.c, per min. 
2.9. Urine:—4°3 ¢.c, since 12.45 (U)). 
8.11. Ont both vagi. 
8.36. oof 75%, sodium sulphate inetd 
8.45. 50.6, 
8.48. Urine:—9‘8 ¢.c. 8. 36. 
8.60. Urine:—2160.c. (5°9¢.c, per min.) 
8.52. Urine:—10°7 c.c. during last 2 mins, (=6°46¢.c. per min.) (U,) 
3.54. Blood samples taken (Cand D), Sample B, for A. 
4.0. Blood flow, 116°2 c,c, per min. 
4.8, Urine:—10°5 since 4.1. (=1°5 c.c, per min.) 
i 4.22. Urine:—11 ¢.c, since 4.9. (=0°8.c. per min.) 
4.35. Urine:—6°8 c.c. since 4.23. (=0'5c.c, per min.) (U;) 
4.46. Urine:—1°8 since 4.36. (=0-2 ¢.c. per min.) 
4.47. Blood samples taken (E and F). Sample B, for A. 
4.49. Rate of blood flow :—29¢.c. per min. 


Time Urine Blood 
12.45 to 2.9 1°346° C=0, 
1.57 | 0°642° C=B, 
3.49 to 3.50 0°634_ 
8.51 to 3.52 0°650° C=U, 0°650° C=B, 
4.1 to 48 0652 
4.9 to 4,22 0-700 
| 4.28 to 4.35 0°640° C=U, 0-642° C=B, 
Analysis the blood gases gave :— 
Period I. Period I. Period IIL 
Sample 
| 
(2) 
Mean 
Mean 
Hence :— 
O, per min. 
OO, per min. 
Urine per min. 
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DISCUSSION OF THE RESULTS. 


An examination of the five preceding protocols shows, in confirma- 
tion of the results described in our previous paper, that an increase in 
the rate of secretion of urine is always accompanied by an increase in 
the rate of absorption of oxygen. While, however, this is universally 
the case we do not find that there is any direct proportionality between 
these two quantities. This is well seen from the figures of Table L, in 
which the volume of urine secreted per c.c. of oxygen absorbed is given 


TaBLe I. Giving the volume of wrine secreted per c.c. of oxygen absorbed. 


Period L Period IL. Period IIL Period IV. _ 

Exp. 4. 4°53 0°30 c.c. 

000 0°29 08000. 

» 6, 001 0°27 0°00 
» 0°07 0°32 0°25 
» 0°02 0°14 


for all the observations of these five experiments, On comparing the 
figures taken during any one experiment it is obvious that the rate of 
secretion of urine and of absorption of oxygen in no-instance show a 
uniform proportionality in the different periods of observation. On 
taking the figures in the column of period IT. it 1s seen that for the first 
four experiments they show a very fair agreement, but that the last 
experiment diverges widely from the others. The figures found in this 
column all represent gaseous exchanges in kidneys under very similar 

Exp.5, Exp. 6. Exp. 7. Exp. 

a a 2 


1 4 


00 
Fig. 2. Showing the relation of the oxygen absorbed (continuous line) to urine secreted 
(dotted line), each expressed per gramme of kidney substance per minute. — cat 
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conditions of activity, so that their correspondence is very significant. 
One would hardly expect to find any closer relationship between these 
two quantities when taken at periods at which the kidney is in very 
different degrees of activity, than is seen in our figures, since in 
considering the volume of urine only, one is taking notice of but one 
of the many factors determining the amount of work and therefore, 
_ presumably, the amount of metabolism occurring within the organ. — 
The degree of correspondence between the two quantities is also 
‘shown graphically in Fig. 2. 
A comparison between the oxygen consumption and the total work 
performance, should give us much more constant ratios if it were 
possible to determine the latter with accuracy. The results so far as 
the work of concentration is concerned have been given in the protocols 
and from them we see that there is no simple relationship between the — 
two quantities. This appears clearly in Table II., which is made on a 
plan comparable to that of the preceding table. The figures are far 


Giving the number of grm. ems. of work: of concentration 


per of oxygen | 
Period I. ‘Period IL Period IIL. Period IV. 
Exp. 4. 148,200 8,716 20 | 
meee 0 658 30 0 
» 6. 75 296 0 
412 560 468 
» 89 0 


more diverse than those of the former table. The absence of any rela- 
tionship, either quantitative or qualitative, between-the two amounts is 
exemplified in the most striking manner in Exp. 8. In the diuresis and 
subsequent periods of this experiment, although a considerable amount 
of oxygen was being absorbed, an amount in considerable excess of that 
_ observed in the resting period, yet no work of concentration was being per- 
formed. The freezing points of the urine and of the blood were identical. 
In such a case we might. expect to have a glomerular filtration in its 
purest form and the kidney performing no work, yet the chemical 
activity of the cells, as demonstrated by the oxygen taken from the 
blood (4°3 ¢.c. per min.), was almost five times as much as in the period 
before the injection (0°9 ¢,c.) and three times as much as in the period 
after the diuresis had passed off (1'3.c.0.). Our experiments furnish 
one other instance of a secretion which is of nearly the same concentra- §=—S«_ 
tion as the blood, viz. Exp. 5. This occurs in period IIL of that x 


By ya} 
: 
iad 
< 
q 
we 
vs 
<4 
> 
< 
i 
ral 
> 
as 
‘ 
#3 
| 
4 


GAS METABOLISM OF KIDNEY. 63 


experiment when the diuresis has passed the maximum but is still 
considerable. On comparing the different periods of that experiment 
we see that in period II. the diuresis, oxygen-intake and work of 
concentration are all considerable. In period III. the diuresis has 
fallen to about one-half and the oxygen-intake has fallen in proportion, 


Exp. 8. 
1 ee 3 


0 

Fig. 8. Showing (1) the volume of urine per ¢.c. of oxygen per minute. (Continuous line. 

Beale=figure in ordinate x-lc.c.) (2) The work of concentration per ¢.c. of oxygen 
absorbed. (Broken line. Scalex100=grm. cms.) (3) ee 
per c.c. of oxygen absorbed (dotted line). 


but the work of concentration, on the other hand, has fallen nearly to 
zero because the concentration of the urine is only slightly greater than 
that of the blood. As is seen in Tables I. and II., while the volume of 
urine per c.c. of oxygen absorbed is practically identical in the two 
periods, the work of concentration per c.c. of oxygen in period IIT. is 
less than one-twentieth that of period IT. 

From these experiments we are, therefore, led to conclude that a 
copious flow of urine, be its concentration what it may, is accompanied 
by intense chemical activity in the kidney. Our use of the term 
‘intense’ is based upon two considerations other than the relative 
oxidation during periods of normal and abnormal secretory activity. 

(1) In our previous paper we have dwelt upon the fact that the 
kidney during diuresis uses much more oxygen per gram weight than the 
body generally’. The experiments of the present series confirm this © 


1 See p. 26 of our earlier paper. | 
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observation. A normal unanesthetised dog absorbs 0017 c.c. of oxygen 
per gram of body weight per min. The maximum oxygen consumption 
in the present five experiments has been:—in Exp. 5, 0°081ec.; in 
Exp. 6, 0095 «c.; in Exp. 7, 0027 coc. and in Exp. 8, 0-075 cc. 


per min. In Exp. 7 the diuresis was much less marked rela- 
tively to the size of the animal than in the remaining experiments. In 
the remaining three, the oxygen consumption of the kidney during 
maximum diuresis is on the average five times greater than the average 
consumption of the body generally. 


‘Taste III. Giving the volume of oxygen absorbed per gram of 
kidney per minute. 


Period Period IL. Period Period IV. 
0-016 c.c. 0°081 0-082 0-018 
0°075 0-095 0°028 
0-008 0-027 0-011 
0°015 0°075 0°023 


In Table IIL all the figures for the rate of absorption of oxygen per 
gram of kidney substance are collected. We see that this absorption of 
oxygen rarely falls below the average rate for the whole body and that 
there is a marked tendency to approximate to that rate in all periods i in 
' which the secretion of urine is in abeyance or scanty. 

(2) The relatively high degree of chemical activity taking place 
within the kidney during secretion also stands out very clearly if we 
make an approximate calculation of the energy loss based on the 
assumption that the oxygen absorbed is utilised in the complete oxida- 
tion of some proteid substance. A rough calculation from one of the 
accepted approximations (Harnack’s’) to the formula for a proteid, 
_ shows that a gram of proteid requires about 1°5 g. or just over 1 litre of 
oxygen for its complete oxidation to urea, carbonic acid and water. Thus 
oné cubic centimetre of oxygen would suffice approximately to oxidise 
one milligram of proteid. This amount of serum-albumin on complete 
combustion gives out 5°917 calories. One milligram of proteid will give 
rise to about 0°34 mgr. of urea, the heat of combustion of which is 0°846 
calories. Hence on our assumption of the manner in which the oxygen 
is used, each c.c, of gas absorbed would when used to oxidise proteid give 
rise to the formation of 5°070 calories, i.e. 210,000 gr.cms. 
. These data enable us to contrast the loss of energy as calculated from _ 
the oxygen consumption with the amount of energy sent out by the 


+ Harnack. See Schiifer’s Text-Book, 1. p. 36. 
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kidney represented by the. higher concentration of the urine as 
compared to that of the blood. These figures are given in Table IV. | 


Taste IV. 
per min. commento per min. 
Exp. 4. 4°0 c.c. 840,000 g.cms 14,684 g.cms. 

(2) 1°14 232,000 34 

5°58 1,170,000 1,651 
4°07 855,000 2,281 
» & 4°30 873,000 0 


Two points appear at once. Firstly, that in all instances the work 
performed in concentrating the urine is a very small fraction of the total 
expenditure of energy occurring when the kidney is made to secrete 
actively. Secondly, that the two energy estimations bear no simple re- 
lationship to one another. 

If we take the mean of all the observations recorded in the last two 
columns of Table IV, it will be found that on the average the quantity . 
of energy represented by the concentration of the urine only amounts 
to 1/220th of the average energy expenditure as calculated from the 
oxygen consumption. We must conclude from the figures of this table 
that the work of concentration only accounts for a very small amount of 
the energy consumed by the kidney in secreting urine, and moreover 
that. we are likely to fall into serious error if, in attempting to estimate 
the rate at which the kidney is working, we pay attention to this factor 
only. 

It must not be supposed that we put forward the suggestion that 
proteid is completely broken down in this way in the kidney as more 
than a convenient supposition for the purposes of the above calculations. 
If it be supposed that carbohydrate is broken down the figures are of the 
same order. It is quite possible that oxidation is incomplete in the 
kidney and that the products of partial oxidation are broken down else- 
where into CO,,H,O, &. Against this view, however, is the fact that if 
we take all the experiments cited in this paper in their entirety we find 
that the sum of the quantities of oxygen taken in by the kidney in the 
several periods is almost exactly equal to the sum of the quantities of 
carbonic acid set free. The figures are 34°75 and 34°09 c.c. respectively. 
If to these figures be added those of the first three experiments in our 
former paper (Exp. 4 appears as such in both papers) we get the totals 
77°17 cc. for the O,, and 76°28 cc. for the CO,. The term respiratory 

PH, XXXIIL. 5 


4 
q 
Dr 
| 
h 
q 
; 
a 
4 
@ 
¥ 
> 
\ 
a 
» 
4 
is 


66 _ J. BAROROFT AND T. G. BRODIE. 


quotient would be meaningless if applied to the gaseous exchange between 
kidney and blood at any one moment and it would require many more 
experiments than we have performed, and a much more varied routine than 
we have followed, to warrant us in drawing the conclusion that the material 


broken down in the kidney is almost entirely carbohydrate since the 


_ respiratory quotient appears to be approximately unity. We think, 
however, that the equality of the oxygen and carbonic acid totals of a 
series of twenty-two comparisons warrants us in the presumption that. 
the complete breakdown of the kidney substance takes place in the 
kidney itself. 

If, instead of taking the total quantities of oxygen absorbed in the 
whole of the observations we take the average amounts of O, and CO, 
in the 12 observations of Exps. 5, 6, 7 and 8, we find that the 
average rate of absorption of O, per gram of kidney per minute amounts 
to 0°041 c.c., and the average rate of elimination of CO, amounts to 0:045 


c.c, per gram per min. 


THE CarRBONIC ACID EXCRETION. 


_In our previous paper we pointed out that the excretion of carbonic 
acid by no means ran parallel with the oxygen absorption, and the 
results discussed in the present paper amply confirm that statement. 
The total quantities in the successive observations are given in the 
protocols, and the quantities per gram of kidney are given in Table V. 


Taste V. Giving the volume of carbonic acid excreted per gram of — 
kidney substance per minute. | 
Period I. Period II. Period IIL. Period IV. 


Exp. 5. 0°075 c.c. Olllec. 0-054 c.c. 0-008 
» 6. 0-032 0°067 0-062 

0°027 0:006 0018 
0-015 0-033 0-040 


No general relationship can be deduced from a study of these figures. 


Usually diuresis is accompanied by an increased rate of elimination of — 


carbonic acid, but even this fails in Exp. 7. (See Table V.) 

For purposes of comparison with Table I we give in Table VI the 
ratios between the volume of urine excreted and the volume of carbonic 
acid eliminated. When we consider the diuresis period only, the figures 
are more divergent than those of Table I. In the resting period, how- 
ever, the ratios between the urine and carbonic acid appear fairly 
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acid given out. 
Period 1. Period 11. MHI. ‘Per fod AV. 
Exp. 4. 0054 0°67 c.c. 
8. 0-022 2-60 0°078 


constant, As a direct comparison between the carbonic acid elimina- 
tion and the oxygen absorption we give the ratios between these two 
quantities in Table VIL. A study of these figures shows quite clearly 
Taste VII. Giving the c.c. of CO, per e.c. of omygen absorbed. 
Period Period II. Period Il. IV. 


Exp. 5. 1°16 ¢.c. 1°78 ¢.c. 2°3 c.c. 
0°43 071 0°22 
30 0°25 1°68 
10 0°44 1°80 


that the oxygen absorption and carbonic acid elimination must be 
governed by quite independent conditions. While the oxygen-intake 
is largely dependent upon the rate of secretion of urine, the carbonic 
acid output is apparently of slower course, and tends rather to follow 
than to accompany increased activity. : 


RATE OF BLOOD-FLOW THROUGH THE KIDNEY DURING DIURESIS. 


Concerning the changes in the blood-flow through the kidney it will 
be noticed that in all the experiments given in this paper there has 
never been an augmentation of the blood stream during diuresis. Our 
methods of measuring the blood-flow have been varied and we feel con- 
fident that these methods are sufficiently accurate to furnish reliable 
comparisons. Therefore, we must conclude that increased rapidity of 
blood-flow through the kidney is not an essential factor in diuresis, 
although in several of our experiments, which, however, do not fall 
within the scope of this paper, the increase in flow when diuresis has 
been established has been considerable. We have invariably noticed 
that when the diuresis is accompanied by an increased blood-flow the 
latter falls off at a much earlier period than the diuresis. 
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CONCLUSIONS. 


1. We have confirmed our previous observation that diuresis pro- 


duced by urea and sodium sulphate is accompanied by a large increase — 


of the oxygen absorbed by the kidney. This is also the case in phlo- 
_ ridzin diuresis (Exp. 7). There is not always a simultaneous increase 
in the CO, leaving the gland during diuresis (Exp. 7). 

2. The work of concentration, as calculated from the freezing points 
of the blood and urine, accounts for only a small fraction of the whole 
energy transformed in the kidney. ‘Nor do these two quantities bear 
any relation to one another either in sense or in degree. 

8. In so far as urine of the same freezing point as the serum would 
represent the glomerular filtrate of Ludwig, our experiments lend no 
support to his theory; for the source of energy for the production of 
such urine should be the heart not the kidney. Yet it is under 
these circumstances that the kidney may be most active (Exp. 8 
supported by 5). 

4. Diuresis is not always accompanied by increased blood-flow. 
When it is, the former outlasts the latter. 

5. Over a large number of experiments there is an approximate 
equality between the volume of oxygen absorbed and carbonic acid 


excreted by the kidney. This suggests, though it does not actually 


prove, that the substance of the kidney is completely broken down in 
the organ itself. 
6. We have obtained urine of considerably less molecular con- 


centration than the serum. The divergence has been greatest when 


the flow of urine has been most rapid. 
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THE RESPONSE OF THE DEVELOPING RETINA TO 
LIGHT AND TO RADIUM EMANATIONS'. By 


(Freie the Physiological Laboratory, Queen's College, Belfast.) 
ACTION OF 


WHEN light falls upon the fully developed dark-adapted retina certain 
structural changes take place, such as the protrusion of pigment- 
holding processes, the contraction of cones, and possibly also of rods; 
but, so far as my knowledge goes, the response of the retina, at different — 
stages in its development, to stimuli such as light rays has not been 
systematically investigated. Although in many respects the chick is 
not very suitable for such an investigation, owing to the fact that the 
development of the retina takes place mainly while the chick is still 
within the shell, still the short and well-known incubation period makes 
up for other disadvantages. The plan adopted was the following. A 
number of hens’ eggs were incubated in the dark, others in an incubator 
where light could be condensed upon them throughout the whole period 
of their incubation. Those embryos which were incubated in the dark 
were either removed at definite periods in their development, and, care 
being taken to exclude any entrance of light during the process, then 
placed in a suitable fixing solution; or, after opening the shell and 
exposing the embryo, light (white or coloured) was condensed upon 
one eye from a 16 c.p. lamp for a short period, the heat rays being 
absorbed by placing an alum trough on the path of the rays. 

The embryos on the other hand which were subjected to light during 
the period of incubation were either exposed directly to the same form 
of light for a short period (10—30 minutes) after opening the shell, 
or removed in the dark and then placed in the fixing solution. The 
- fixing solution used was that recommended by Apathy (corrosive 
sublimate 4gm., sodium chloride $gm. in 100 c.c. 50°/, alcohol). The 


1 The expenses incurred in carrying out this research were defrayed by a grant from 
the British Medical Association. 
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eyes after fixation were carried through into paraffin and the sections 
usually stained by Heidenhain’s hematoxylin iron-alum method, in 
other cases by Nissl’s method or by eosin hematoxylin. 

Retin at different stages were also dissociated in weak osmic acid 
solution and the different elements studied as isolated units. 

The microscopic appearances presented at different stages of 
development may be treated briefly ; stress will mainly be laid upon the 
_ essential differences to be observed between the resting and the stimu- 
lated retinz. Up to the end of the fourth day there is but slight de- 
velopment of pigment in the cells of the posterior layer of the optic cup, 


and the anterior layer shows no differentiation into strata, but mitosis is 
very active in the posterior row of cells in this layer, especially in its” 


central part. As development proceeds the mitotic figures become more 
numerous in the peripheral parts of this row of cells. 

The resting and stimulated retine at this stage are selec 
identical. There is no alteration in the chemical reaction of the 
stimulated retina such as Angelucci’ and other Italian writers have 
referred to in the fully developed retina, nor could any difference i in the 
number or characters of the mitotic figures be detected. 

At the close of the 5th day the pigment is fairly well developed in 
the posterior layer of cells and the body of the retina has become much 
thicker, although there is still no differentiation into strata. Even after 
light has been condensed directly upon the eye of the chick at this stage, 
no protrusion of processes from the pigment cells has occurred, nor are 
there any signs of alterations in these cells from which the rods and 
cones are subsequently formed, although they have already assumed the 
palisade arrangement with an elongation and fibrillation of their 
cytoplasm, a forecast of the later changes which take place in the 
formation of the rods and cones. At a slightly later date, namely about 
the 7th day,.a distinct advance in development is to be observed. There 
is marked increase in the pigment of the pigment cells, a formation of 


an external limiting membrane as the outer limit of the body of the 


retina, and the appearance of a layer of large ganglion cells Although 
showing these advances in development there is still no response either 


to white or coloured light, except perhaps in so far as there is a more ~ 


diffuse distribution of pigment spicules throughout the bodies of the 
pigment cells in the stimulated as compared with the resting retina. - 
By the 9th day very slight protrusions, which take up acid stains, 


. Untersuch. sur Naturlehie d. Menschen w. d. Thiere, xIv. p. 252, 1892. 
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make their appearance on the free surface of the external limiting 
membrane, these forming the forerunners of the rods and cones. The 
plexiform layers and the row of elongated rod and cone nuclei are now 
well marked. There is still, however, no alteration. produced by even 
prolonged light stimulation. This absence of response to light on the 
part of. the pigment cells, etc., remains until the cuticular projections 
beyond the external limiting membrane show beginning differentiation 


. into the outer and inner segments of young rods and cones. These 


protrusions are, however, still only club-like processes which do not 
differ from one another, showing no specialisation into rod and cone 
elements. They are short processes, being only about 7 in length. 
Whenever the retina arrives at this stage of development, which occurs 
about the 15th day, light even when allowed to fall upon the eye for a 
short time (10 minutes) calls forth a response on the part of the 
pigment cells which send out short processes, and these clasp the club- 
like protrusions, with the result that the pigment layer adheres firmly 
to the retina in front. 

- At the same time the external nuclear layer shows a thinning in 
the case of the stimulated retina, this being due probably to a 
shortening of contractile threads between the nucleus and the clubbed 
protrusion, that is to say, in that part which afterward corresponds 
to the cone myoid or the corresponding section of the rod element. 
This response not only takes place with white but also with red and 


- blue lights. As development proceeds the retina responds more 


distinctly to light stimuli, At the 17th, 18th, and 21st days the | 
pigment cells send out protrusions, even when light is merely condensed 
upon the shell and the embryo then removed in the dark. = 
_ These changes are seen not only in the sections but also in 
dissociated specimens. 

Many attempts were made to discover whether a response to light 
took place in the eye not directly exposed to the rays, the other being 
brightly illuminated. Although: practically always there were slight 
signs of pigment protrusions, etc., these seemed accountable by the 
probable partial transmission of light to the darkened eye. | 

No alteration in the ganglion cells could be discovered in specimens 
stained by Nissl’s method. A delay in development such as Blanc! 
refers to as occurring in chick embryos when light is admitted freely 
to the incubator, compared to those developed in the dark, was not 
observed. | 
1 R. Soc. de Biologie, xx1v. 969—971. 1892. 
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- The most important fact in connection with the response of the 
developing retina to light, is that at stages where all the elements 
except the rods and cones have arrived at a stage of development very 
similar to that existing in the adult eye, there is no effect produced, 
even on direct exposure of one eye to bright light, either on the 
pigment cells or on the embryonic rod and cone protrusions. Response 
takes place after the of in the 
rods and cones. 


ACTION OF RADIUM. 


As the sensation of brightness which radium calls forth when placed 
on the temple or over the eyelid is but slight, and is probably merely 
due to intraocular fluorescence, it was scarcely to be expected that 
those structural alterations characteristic of stimulation of the retina 
by light would be very noticeable after the action of the rays which 
radium emits. | 

Hardy and Anderson’ showed that radium rays did not produce 
bleaching of the visual purple even after an exposure of twenty hours. 
They believed that the visual sensations were not due directly to the 
radium rays, but to the light rays given out by the tissues of the eyeball 
which had been rendered fluorescent by the 8 and y rays absorbed, and 
further that the fluorescence of the structures in front of the retina was 

due mainly to # rays, while the y rays mainly affected the retina itself. 
Greef? also observed no bleaching effect upon the visual purple. 
_Himstedt and Nagel? also ascribed the visual sensations to intra- 
ocular fluorescence. Very little work has been done on the effect of 
these rays upon the structures of the tissues of the eye, although there 
is now a moderate amount of published work on their effect upon other 


tissues. Reference will be made in this paper simply to work that 


deals with the influence of radium upon cells undergoing division, and 
to one investigation dealing with the effect upon the tissues of the adult 
eye, 
Perthes‘ and Schaper® observed an inhibitory effect upon mitosis, 
the former in the case of the fertilised eggs of Ascaris megalocephala, 
the latter in those of Rana fusca and esculenta. 


1 Proc. Roy. Soc. p, 398. 1904. 
2 Deutsch. med. Woch. No. 18. 1904. 
* Ber. d. Naturforschergeselisch, Freiburg, x1. p. 139. 1901. 
* Deutsch. med. Woch. xxx. No. 16, 17. 1904. 
5 Ibid. xxx. 1484-7 and 1465-8. 1904, 
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The only investigator who has. carefully investigated the action 
upon the tissues of the eye is Birch-Hirschfeld’. He observed 
degenerative changes affecting especially the ganglion cells and optic 
nerve fibres of the rabbit's retina. These changes made their appear- 
ance usually after a latent period of some days, but in one very in- 
teresting case only three hours elapsed before the occurrence of distinct — 
signs of a degenerative process in the ganglion cells with secondary de- 
generation of the optic nerve fibres. 

Schwarz’ gives an explanation of the occurrence of degenerative 
changes in some cells and not in others. He showed that when a hen’s 
egg was exposed to radium there was not only a browning of the shell 
membrane, but also a marked decomposition of lecithin, with the 
formation of trimethylamine, and hence he concluded that the special 
effect of the rays upon such cells as embryonic cells, nerve cells, and 
epithelium was due to the presence of lecithin within them. 

There were two questions which presented themselvés for solution. 
In the first place, does the fluorescence set up in the developing eye by 
radium produce the ordinary light effects on the retina? and in the 
second place, is there any hindrance to the development of the eye or 
any alteration in its tissue elements when the embryos are developed 
with a radium capsule placed over the shell ? 

The plan adopted for the investigation was the following. A small 
_ tripod was applied closely over the egg in the incubator, and on this 
a vulcanite capsule containing 20 mgm. radium bromide was placed. 
_ The floor of this capsule was formed by a thin mica plate, so that this 
alone intervened between the radium salt and the shell. 

The egg with the overlying radium capsule was then placed in 
a thick-walled lead chamber and kept in a dark incubator for a definite 
period. Embryos after developing in this way for 7, 8, 10, 15, and 
18 days were exposed, after opening the shell and membrane carefully, 
directly to the action of the rays for a period of from 1—3 hours and 
the eyes were then placed in the fixing solution. In other cases the 
eyes were dissociated in weak osmic acid solution. 

_ In all cases the discoloration of the egg-shell membrane referred 
to by Schwarz was observed, and in many cases also the odour of — 
trimethylamine was perceptible. | 

The microscopic appearances seen at different stages of development 
were so similar that a very short description will suffice. At the 

1 Arch. f. Ophthalmologic, urx. p. 287. 1904. 
2 Arch. f. d. ges. Physiol. o. p. 582, 1908. 
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earliest stage examined (7th day) the eye presents more or less. the 
dame general appearance as one developed under ordinary conditions, 
but there is marked degeneration, especially in the retina, although also 
in the other tissues of the eye. The lens at. this as at later stages is 
normal in appearance, although 1 in it the most marked fluorescence one 
been set up. 

The retina is much thinner than normal, the thinning being cine 
dea to a general degeneration of the protoplasm of the celle. — 
affects all the cells of the retina. 

» The pigment cells are swollen, their granules being diffusely anaes 
throughout the body of the cell and many driven out into the tissue 
belting: There are no pigment protrusions however. ih 

The nuclei of the cells of the retina itself do not show the regular 
stratified arrangement but are irregularly massed together. Mitosis is 
seen taking place in the cells lying at the back of the retima but 
although the figures are fairly numerous they are difficult to make out 
owing toa falling together of the chromosomes. The mesoblastic cells 


surrounding the retina are also much broken down. At later stages 


exactly the same type of changes is to be seen, the ganglion cells 
_ éspecially showing very marked disintegration and the optic nerve fibres 
are very much degenerated. The remarkable thing i is that ene 
goes on with the retina in the condition that it is. 


» At the 15th, 18th, and 20th days the formation of rods and cones — 


can be observed, although a — of the elements occurs as ~ 
become more fully developed. 

The effect of radium seems to be most evident in the loose an 
plasm of the cells which have already arrived at a fairly complete stage 
of development. As it is about the 15th day when the retina begins to 
respond to the light stimulus and as at this period practically all the 
elements which are present in the fully developed eye have made their 
appearance it will be sufficient to give more or less in detail the — 3 
ances presented by the radium-treated eyes at this stage. 


(1) Pigment layer. A large amount of pigment is present in 5 tis 
cells, but it is very loosely distributed throughout them and is also seen 
lying behind the rows of cells. | 


(2) The rod and cone elements simply appear as alicia, ol 
jections beyond the external limiting membrane, but they are much 
more broken down than in the normal eye at this stage. 


(3) The external nuclear layer is composed of nuclei which are 


URES 
A 
A 
; 
j 
» 
» 
am 
4 
> 4 
4 
4 4 
if 
4 
om 
4 
i, 
; 


REACTION OF RETINA. 75 


large and vesicular, and the are down into 
sthall fragments. 

(4) The is more then 
normal, owing to'a breaking down of the fibrillar network. 

(5) The internal nuclear layer shows very advanced degenerative 
changes. The outlines of the nuclei are difficult to make out, while the 
processes from the cells are so much broken down that they cannot be 
traced for even. a short distance from the cell bodies. 

(6) The -internal ayer shows same changes as the 
external one. 
~ (7) The ganglion cells are vacuolated, in many cases shrankon and 
collapsed and their processes cannot be traced for —s but. - 


4 exceedingly short distance from the cell bodies. 


(8) ‘The optic nerve: fibres are broken down and show a larg 
amount of granular débris in the strands, _ 

Of all the tissues of the eye those which seem least affected by the 
radium are the lens and muscle fibres: There can be no doubt that by 
far the greatest disintegrating effect is produced upon the cells of the — 
retina, but at no stage in development up to the end of incubation 
does radium call forth any response on gs pat of those cells which 
normally respond to light. 

The pigment cells undergo their normal development but the 

spicules are driven out partly into the tissues lying behind the retina. 
This is seen in all stages and in all specimens examined, but there is 
never a true protrusion of pigment-holding processes, nor a contraction 
of rod and cone fibres similar to those described as occurring after the 
light stimulus. When one considers how slight the visual sensations 
are from radium exposures, and when one recollects that these sensations 
are largely due to fluorescence of the lens, the tissue of which shows no 
structural alterations even after prolonged exposures, then one is driven 
to conclude that these marked disintegrating effects on the retina are 
due to the penetrating tays of 8, but most 
the ones. 
- One is led to the conclusion that it is the y rays. which Lésyely 
affect the cells, because the changes in the retina are very similar to 
those which Birch-Hirschfeld observed with the very penetrating 
Réntgen rays which are in many respéctS analogous to the former. 

The disintegration seems to affect mainly those cells of the retina 
with which the rays first come into contact, the ganglion cells and the 
internal nuclear layer. 
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The degeneration is of a very peculiar type, because it does not 
inhibit mitosis, the development of the retina taking place in the 
usual way. 


Summary. 


1. Up tothe 15th day of incubation the chick’s retina shows no 

signs of response to light such as are observed in the fully developed 

ge At the 15th day and at all later stages the pigment cells 
respond to the light stimulus by throwing out short pigment-holding 

processes which clasp the rudimentary clubbed Sie of the 

young rods and cones. 

3. About the 15th day although better marked at later periods 
there is contraction of those parts of the rod and cone elements which 
lie between the nuclei and the inner segments. 

4. The response to light becomes mach more distinct as develop- 
ment proceeds. 

5. It also takes place when light only trenches the eye ety 
through the shell. 

6. There is slight if any response on the part of the eye not 
directly stimulated. 

7. Monochromatic produces the same effects as white light. 

8. There is no delay in development in the case of embryos 
developed in the light. 

9. The intraocular fluorescence produced by radium is not 
sufficient to evoke a response on the part of pigment cells or rods and 
cones, 

10.. Under the influence of radium the pigment in the pigment cells 
is scattered throughout the cell bodies and is driven backwards into 
the surrounding tissue. 

11. Radium rays gradually produce a disintegration of all the 
cells in the retina, especially affecting those most anteriorly placed. 

12. This disintegration affects very markedly the ganglion cells, 


the cells of the internal nuclear layer, and also the layer of-optic nerve 
fibres. 
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DEGENERATION OF NERVE-CELLS OF THE RABBIT’S 
SUPERIOR CERVICAL SYMPATHETIC GANGLION 
AS THE RESULT OF INTERFERING WITH THEIR 
BLOOD By IVOR TUCKETT. (Plate 


THE degeneration of nerve cells as the result of intachesios with their 
blood supply has chiefly been studied in the case of the cells of the 
grey matter of the spinal cord. Ehrlich and Brieger™ first showed 
that ligature of the abdominal aorta close to the origin of the renal 
arteries leads to paralysis owing to necrosis of the cells of the lumbar 
cord. The histological changes occurring under these conditions have 
been described by Wiener and Miinzer™ and are as follows: 

1. Early changes—seen after six to ten hours of compression of the 
abdominal aorta—affecting chiefly the Nissl bodies, which break up and 
disappear; the cell undergoing what was called by Friedmann a 
“molecular degeneration,” so that the cell body becomes homogeneously 
stained by Nissl’s method and shows a glassy appearance. 

2. After twelve hours most of the cells show further changes in the 
nucleus, in which the normal appearance of a clear vesicle containing a 
chromatin network and nucleoli has been replaced by a uniformly stained 
nucleus, in the interior of which a more deeply stained nucleolus is still 
apparent. The nucleus further is shrunken as well as the cell body. 

3. After twenty-four to forty-eight hours only a few of the nerve 
cells can be recognised, and they appear as shadows of their former eetves, 
so little stain do they take up. | 

Now although the appearances seen in the dcgeneration of the nerve © 
cells of the rabbit’s superior cervical. ganglion are very similar, yet there 
are still one or two points which it seems worth while to put on record 
as the later stages of degeneration are perhaps more easily studied in 
this situation. 

The superior cervical ganglion is supplied with blood principally by | 
vessels which run with the internal and external carotid branches of the 
ganglion: but to a less extent by blood vessels running up in the cervical 
sympathetic nerve to the ganglion, so that in order absolutely to 
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cut off the blood supply it is almost necessary to isolate the — 


ganglion. However, in most cases I have found it sufficient to dissect 
out the ganglion without touching it by separating the surrounding 


tissues from it and cutting through its internal and external carotid — 


branches, but without dividing the cervical sympathetic nerve, which is 
left, attached to it below, though also dissected out for about a centi- 
metre. By doing this the circulation is so much upset that degeneration 
sets in forthwith, although in different cases the degeneration takes 
place at different rates, so that sometimes after cutting off the blood 
supply in this way for two days the cells show as much degeneration as 
in another after five days. However on the whole the degree of de- 
generation is proportionate to the length of time the ganglion has been 
left after being treated in this way : so that it is quite easy to distinguish 
three main stages as very characteristic of the advance of well marked 
degeneration. | | 

First stage. The nucleus from being clear and unstained, except 
fur its chromatin network and nucleoli, now is homogeneously stained, 
although a more deeply stained nucleolus still is visible. The cell body 
— (if a double stain such as methylene blue and eosine is used)—is 
stained red while the nucleus is blue and the nucleolus a deeper blue. 
Both nucleus and cell are much shrunken; and there is a. markedly 
less stained area around the nucleus, This may be called the “stage 
of a uniformly-stained nucleus.” (Fig. 1.) 

Second stage. The nucleus in this stage is stained more deeply and 
there is no sign of a nucleolus, while the cell body begins to stain blue 
round the periphery. Both nucleus and cell body are more shrunken. 
This may be called the “stage of a lost nucleolus.” (Fig.2.) 

Third stage. This stage is characterised by “an inversion of stain- 
ing”; that is, the cell body tends to stain more readily with whatever 
stained the normal nucleolus most deeply, whereas the nucleus begins to 
be coloured by those stains which normally have an affinity for the cell 
body; so that in a preparation stained with methylene blue and eosin 
one gets a very definite picture of a red spot shining in the centre of 
the shrunken nucleus which approximates in its periphery to the colour 
of the cell body, which in its turn has stained more or less blue especi- 
ally round its shrunken edge. (Fig. 3.) This inversion of staining of 
the nucleus is seen best in sections stained with methyl blue and 
eosin. 

_ Finally, both nucleus and cell body stain less and less and merge into 
one another so that eventually no nucleus can be recognised. __ . 
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The actual stains I have used in studying these changes have been : 
(a) Methylene (or toluidin) blue and eosine, 
(b) Methyl blue and cosine, 
(c) Bleu de Lyon and safranin, 
and in using them as well as in the fixation and hardening of the ‘Sabai 
I have followed the directions given by Gustav Mann®. 

One last point I should like to mention. It might be said that the 
mere section of the branches of the ganglion would give rise to changes 
in the cells: and it is perfectly true that it does so, but the changes are 
of a much more chronic character than those described here, and are 
well marked only in the very young animal as shown by Anderson “ 
and Levinsohn™. In fact it is remarkable how little change takes 
place in these nerve cells if they are supplied with lymph. For in one 
case I completely excised the ganglion and placed it inside the peritoneal 
cavity for three days; but, although the ganglion was completely 
deprived of a blood supply, yet the cells were only in what I have 
describéd as the first or second stages of degeneration (Fig. 4): whereas 
nerve cells with their blood supply cut off as completely in the 
ordinary way by dissecting up the superior cervical ganglion would 
certainly after three days show appearances characteristic of the third 
or even later stages. Further in making the autopsy of this rabbit I 
found that I had left a few nerve cells behind in the neck attached 
to the internal carotid branches of the ganglion; and these were nearly 
- normal (Fig. 5), as may be seen by comparing them with those shown 
in Fig. 6, which are normal. Lastly, in sections illustrating every stage 
of degeneration one is always apt to find two or three cells very near 
the periphery which either have an approximately normal appearance 
or have not degenerated in nearly as marked a degree as all the rest 
of the cells more deeply placed. In fact to illustrate the changes 
typical of the various stages of degeneration it is necessary to avoid 
the cells situated nearest the edge of any section. 


In conclusion I wish to record my gratitude to Prof. Dastre for his 
kindness in permitting me to make use of his laboratory at the Sorbonne, | 
where the work was done. I am also much indebted to Mr Edwin 
Wilson for the accurate drawings he made me from my microscopical 
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PLATE I. 


All the figures were drawn with camera lucida, and ocular 4, objective 3, Leitz: magnifi- 
cation 850 diams, But for reproduction they have been reduced by nearly a half, so that 
the magnification of the figures is about 450 diams. 


Fig. 1. Transverse section of rabbit’s sup. cerv. symp. ganglion which had been detached 
from surrounding tissues except for its connection with the cerv. symp. nerve during 
day. Corrosive sublimate. Toluidin blue and eosine. 
First stage of degeneration. (a) Nucleus uniformly stained but showing distinct sz 
nucleolus. (b) Markedly less stained area around nucleus as if products of degeneration f 
of cell body had diffused away into nucleus. a 


Fig. 2. Sootion from ganglion similarly detached during 2 days Corrosive sublimate. 
Methylene blue and eosine, 

Second stage of degeneration. (a) Nucleolus beginning to break up and diffuse 
through the nucleus. (b) Cell showing that the two nuclei may be in different stages 
of degeneration. 

Fig. 3. Section from ganglion similarly detached during 5 days. Corrosive sublimate. 
_ Toluidin blue and eosine. 

Third stage of degeneration. (a) Cell showing nucleus now staining red instead 
of blue. (b) Cell showing a further degenerative stage, in which nucleus can hardly 
be made out. 


Fig. 4. Section from ganglion placed inside peritoneal cavity for 3 days. Corrosive 
sublimate. Bleu de Lyon and safranin. (a) Earliest degenerative changes. Clouding 
of nucleus. (b) Cell in first stage of degeneration. (c) Cell in second stage of 
ti 


Fig. 5. Section from fragment of ganglion left behind in the neck during 3 days attached 
to the internal carotid branches. Corrosive sublimate. Bleu de Lyon and safranin. 
The clear nucleus begins to fill up with staining material as shown well in (a). 


Fig. 6. Section of normal nerve cells from rabbit's sup. cerv. symp. ganglion. Corrosive 
sublimate. 


The expen oe has been 
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THE EREPTIC POWER OF TISSUES AS A MEASURE 
OF FUNCTIONAL CAPACITY. By H. M. VERNON, 
M.A, M.D., Fellow of Magdalen College, Oaford. 


(From the Physiological Laboratory, Oxford.) 


| In a former paper’ I showed that the peptolysing ferment erepsin, 
discovered by Cohnheim* in the intestinal mucous membrane, is 
present in all animal tissues. Its function is not known, but since: 
similar relative amounts of it were found to be present in the tissues 
of various animals, it must be dependent on the chemical nature of 
these tissues. Presumably it is likewise. related to their functional 
power, and it is the object of this paper to inquire into this relationship. 
The data adduced seem to indicate that as a rule the changes of ereptic 
power which a tissue may undergo vary part passu with its functional 
capacity, and hence afford a convenient measure of this capacity. 

The method of experiment has already been described in previous 
papers*®. Stated briefly, it consisted in chopping up the tissue under 
examination as finely as possible, mixing each gram of it with 2 c.c. of 
glycerin, and estimating the amount of erepsin in the filtered glycerin 
extract three weeks later. The extract was allowed to act upon 

-40 times its volume of 2°5°/, Witte’s peptone at 38°C. in presence 
of ‘1*/, Na,CO, and toluol, and the time required by it to hydrolyse 
20°/, of this peptone determined by a colourimetric method dependent 
on the biuret test. From the time so determined the ereptic value of 
the extract was directly deduced, as, within certain limits, the one 
varies inversely as the other, 


“as CHANGES IN THE EREPTIC POWER OF TISSUES DURING GROWTH. 


The ereptic power of tissues was found to vary considerably during 
the growth of an animal, especially during intra-uterine development and 


a Vernon. This Journal; xxxu. p. 33. 1904. 
? Cohnheim. Zeit. f. physiol. Chem. xxxmu. p, 451. 1901; xxxy, p. 18, 1902. 
3 Vernon. Ibid, and this Journal, xxx. p. 330. 1903. 
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the first few days of post-natal existence. Data in support of this state- 
ment were obtained in the case of three different animals, but they are 
necessarily somewhat incomplete. The ereptic values obtained with 
guinea-pigs are given in the accompanying table. “It will be seen that 


of footal 0 Sdays $1 Smonths adult adult adult Sdays 
238 $85gms. 675gms. 765gms. 960gms. onwards 


Kidney 18 68 80 80 188 659 8&5 100 849 
Liver 16 26. 883 2-0 56 3-4 8-9 
Cardiac muscle 67 ‘70 14 #40 1-1 15 11° 16 
Skeletal muscle 56 79 90 Lil 85 48 68 65 


Brain 45 ‘26 “64 “69 80 “80 “60 "85 
they concern only five tissues, viz. the kidney, liver, cardiac muscle 


skeletal muscle (cut from the thigh muscles), and brain (including the _ 


cerebellum). The results are arranged according to the age of the 
animal, those in the first column being obtained with the combined 
tissues of three fostal guinea-pigs. These animals weighed 34, 35, and 42 
grams respectively, or about two-thirds as much as a guinea-pig which 
was killed within an hour of birth, and the data of which are given in 
the next column. The guinea-pigs killed after 8 and 31 days were from 
the same litter as the animal killed at birth, and they were the offspring 
of the guinea-pig weighing 575 grams, the data of which are given 


in another column of the table. . Taking first of all the ereptic value of — 


the kidney extracts, we see that this was smallest in the foetal animals, 
it being only about a fourth as great as that in the animal killed at 
birth. This value, again, is smaller than that of the 8 day guinea-pig, 
but from this point onwards there was no definite increase of ereptic 
value with the growth of the animals. Thus the mean of all the values 
from 8 days onward is 8°9, whilst the mean of the three values obtained 
with adult guinea-pigs is 8-1. The three month guinea-pig showed an 
exceptionally high value, not only for its kidney but also for its liver and 
cardiac muscle, but judging from the results obtained with rabbits this 
was only a matter of chance, and cannot be taken to indicate that the 
ereptic power of the tissues reaches a maximum with half-grown animals, 
and falls away again as they reach maturity. Accordingly, for purposes 


of comparison, a mean of all the values from 8 days onward has been © 


taken for each tissue, and these means are given in the last column of 
the table. The mean kidney value is about five times greater than the 
corresponding foetal value, but in the case of the other tissues the 
difference is not so marked. Thus with the liver the mean value is only 
about twice as great.as the foetal value, and with cardiac muscle about 
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three times greater, but with skeletal muscle there is little or no change 
accompanying growth. Thus the foetal value, though slightly less than 
the mean, is greater than several of the values obtained with adult 
guinea-pigs. With brain tissue there is a slight increase of ereptic 
power accompanying growth, the values obtained with fostal and 0 day 
guinea-pigs being on an average only half the mean. 
The values obtained with rabbits are even more irregular than those 
_ obtained with guinea-pigs, but as a whole they point to the same con- 
clusions. The values in the first column: were obtained with the 


Means of 
values from 
. fetal : months 5 months 2 


combined tissues of two fostal rabbits, which together weighed only 8 
grams. Hence the only tissues obtainable in sufficient amount for a 
ferment estimation were the liver and brain. They proved to be 
extraordinarily poor in ferment, the liver containing a tenth the mean 
amount, and the brain only a sixteenth. Comparing these results with 
those obtained with the more fully grown foetal guinea-pigs, and with 
the guinea-pig killed at birth, we may justifiably conclude that the 


ereptic power of an embryo’s tissues is at a minimum in the earliest © 


stages of development, and that it increases steadily during intra-uterine 
growth, and for the first few days of post-natal existence. 

As regards the other rabbit values we see that the kidney and liver 
tissues of the 4 day rabbit contained very much less erepsin than those 
of the 20 day rabbit, but that from this point onwards there was no 
definite increase. The kidney values, in fact, were extraordinarily 
irregular, that of the 5 month rabbit being only a sixth that of one of 
the adult animals. The liver values were more constant, but those both 
of cardiac and skeletal muscle showed considerable irregularities. 
‘Moreover, these muscle values showed no definite variations at all with 
growth of the animals, the tissues of the 4 day rabbit containing the 
average amounts of erepsin. The brain value of the 4 day rabbit was 
slightly smaller than the average, but practically speaking one may say 
6—2 
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‘that only the kidney and liver showed a distinct increase of ereptic power 
during post-natal growth. 

The data obtained with cats and their offspring, though fewest in 
number, afford the best proof of all as to the increase of ereptic power 
with growth. The figures given in the last column of the table are the 
means of 8 to 10 values obtained with adult cats (for the individual 


of cat ... fostal 0 6 adult 


11°6 


Intestinal mucous membrane 8-4 


values see the next section), and compared with these we see that the 
values for the 0 and 6 day kittens, as well as those for the fcetal animals, 
are in all cases much smaller. The fetal values, obtained with the com- 
bined tissues of two animals, are in all but one instance greater than the 
corresponding values of the kitten killed at birth. However, the renal 
and hepatic tissues of the 6 day kitten—which was of the same litter as 
that killed at birth—show a marked increase of ereptic power. The 
skeletal muscle and brain show no change, but the values are distinctly 
smaller than the average adult values. The more gradual advance of 
ereptic power with growth is probably connected with the fact that the 
kitten is much slower in attaining maturity than the young guinea-pig 
or rabbit. Thus the guinea-pig attains sexual maturity after 2 months, 
the rabbit after 6 months, but the cat not for 12 months. 
At the bottom of the table are given the ereptic values of the 
mucous membrane scraped from the whole length of small intestine. It 
will be seen that these values show a three or fourfold increase during 
the first six days of post-natal existence. In fact the data suggest that 
the ereptic power of the tissues is intimately bound up with their func- 
tional capacity. During intra-uterine existence the intestinal mucous 
membrane would scarcely be functioning at all, as the nutriment would 


be entirely supplied by the maternal blood. Immediately after birth, 


however, the intestine would have to digest and absorb the maternal 
milk, or would be in full functional activity. There would accordingly 
be a greater increase of function in the intestinal mucous membrane 
than ‘in the liver and kidneys, as these organs would have been carrying 
on their activities to a limited extent before birth of the fotus Still, 
the work that they were doing would be relatively much smaller than 
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that of the heart, which would be functioning almost as actively in the 
- embryo as in the new-born animal. We find, accordingly, that the 
ereptic value of the cardiac muscle undergoes comparatively little 
increase after birth. At least this is the case in the cat and rabbit, 
though apparently not so in the guinea-pig. In view of the great 
irregularities to which the individual values are liable, however, this 
apparent contradiction may not be a real one. The practical constancy 
in the ereptic value of skeletal muscle during extra-uterine growth 
is somewhat unexpected, but it should be noted that this constancy 
applies only to hutch animals, which use their muscles comparatively 
little at any time. In the more active cat we find that the muscles of 
the adult contain nearly twice as much ferment as naieris of the young 
kitten. 

* The above results seem at first sight to conteadias the conclusions of 
Schlesinger’, who found that in new-born rabbits the autolysis of 
ground-up liver tissue was maximal, whilst in 8 day rabbits it was con- 
siderably greater than in older animals. The probable explanation lies 
in the fact that the tissues of young animals must be much more fragile 
and easily digestible than those of older ones, and so would more readily 
undergo autolysis in spite of a deficiency of ferment. 

In remarkable agreement with these conclusions concerning erepsin 
are the results of Batelli. and Stern? upon. the hydrogen peroxide 
decomposing ferment, catalase. Working with the guinea-pig, these 
authors found that certain tissues as the liver and kidney showed a rapid 
increase of ferment during embryonic development and the first few 
days after birth, but that subsequent to the 7th day there was little or 
no further increase. At this period the liver contained five times more 
ferment than that of the new-born guinea-pig, whilst the kidney con- 
tained twice as much. The other tissues examined, viz. the spleen, 
lung, muscle, and brain, showed only a ssi increase of ferment with 


THE EFFECT OF DIET ON EREPTIC POWER. 


To investigate the effect of diet upon ereptic power three cats were 
kept on a purely meat and fat diet for periods of 11 to 29 days, whilst 
three others were kept on a bread and milk diet for periods of 14 to 46 
days. Extracts were then made, not + oaty of the five tissues mentioned 


Schlesinger. Hofmeister’s Beitr. rv. p. 87. 1904. 
2 Batelliand Stern. Archivio di Fisiologia, u. p. 471. 1905. 
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previously, but of the pancreas and spleen, and of the mucous membrane 
of the alimentary canal. The stomach and intestine were washed out 
with a stream of water, and were hung up to drain for half-an-hour 
before the mucous membrane (and much of the submucosa) was scraped 
off. The first six inches of the small intestine were regarded as 
duodenum, whilst the remainder was divided into two equal parts, and 
regarded as jejunum and ileum. Extracts of the mucous membrane 
were found to gain their maximum activity earlier than extracts of other 
tissues, so they were always tested after being kept 12 days instead of 
21 days. 

The results obtained with these dieted cats are given in the accom- 
panying table. As the individual values are somewhat variable, it is 
simplest to compare the mean results, and the ratios between these 
‘means are given in the last column of the table. : 


Meat diet for Mean Bread and milk diet for Mean mo 

meat — bread to bread 
Tissue lldays 2ldays 29days value 14 days 20 days 46 days value value 

Kidney 105 80 101 95 160 69 Sl 108 9 
Pancreas 87 57- 40 61 40 40 15 
Spleen 70 70 3°6 62 6°5 1:3 27 3°5 18 
Liver 3°5 2°6 4:1 8°4 15 39 18 


Cardisc muscle +76 ‘Sl 98 “75 82 ‘85 46 “Tl Ld 
Skeletal muscle 85 40 “40 89 ‘59 ‘88 44 12 
Brain 114-7880 
74 48 27 48 24 48 56 48 
Duodenalm.m. 265 170 239 25 49 147 118 188 14 
Jejunalm.m. 154 125 US 182 43 164 46 147 9. 
Teal m: m. 104 121 68 98 129 89 95 104 9 
Largeintest.m.m. 29 17 386 27 G1 77 40 59 + 


From these ratios it will be seen that as a rule the tissues of the 
meat-fed cats were somewhat richer in erepsin than those of the bread- 
and-milk-fed. Still the difference is not at all striking except in the 
case of the spleen and liver. As regards the alimentary canal, we see 
that the duodenal mucous membrane of the meat-fed cats was in all 
cases distinctly richer in erepsin than that of the bread-and-milk-fed, 
whilst the mucous membrane of the large intestine showed in every case 
_ an inverse relationship. Presumably the more quickly digested meat 

provokes a greater activity in the upper part of the gut than the slowly 
digested bread, which causes a more evenly distributed activity of the 
whole intestine, including the large intestine. | 

In addition to these observations upon specially dieted cats, others 
were made upon four cats fed upon a mixed diet. From the data given 
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in the table it can be seen that the tissues of these mixed diet cats were 
as a rule considerably richer in erepsin than those of the specially dieted 


diet Mean 


Mixed Mixed 
Tissue diet 

Kidney 18°3 9°7 20°0 143 
Pancreas 73 6°4 
Spleen ... 67 8°5 76 
Liver 4°4 62 44 50 
Cardiac muscle 23 “89 1-59 
Skeletal muscle 1°33 21 ‘17 
Brain 1°54 *95 1°24 
Gastric m. m. 2°8 
Jejunal m. m. 12°9 23°5 ~ 182 
Tleal m. m. 9°9 19°0 14°4 
Large intest. m. m 25 9-2 5°8 


cats, the liver and cardiac muscle containing about twice as much 
ferment, and most of the other tissues about half as much again. This 
- somewhat striking result is not altogether a genuine one, however. 
Thus three out of the four cats were killed within a few days of being 
kept in captivity, and only one of them was kept for as long as 12 days 
upon some of the meat and bread and milk given to the dieted cats. It 
alone, therefore, is comparable with these cats, for it was found that 
continued captivity had a distinctly depressant effect upon the ereptic 
activity of most of the tissues. In the next table are given means of 
the individual values obtained with the cats which were kept in 
captivity, one on meat and the other on bread and milk, for 11 to 14 
days, 20 to 21 days, and 29 to 46 days respectively. These data show 
that the ereptic value of the spleen is markedly diminished by confine- 
ment, whilst that of the kidney, pancreas, and skeletal muscle is moder- 


ately so, 
Z y Means of values for cats fed on 
29 

Kidney ... 18°23. 74 91 moderate 
Pancreas 6°5 2-3 
Spleen ... 67 4-1 3-1 
Liver... 25 2°6 2-9 


marked 
nil 
moderate 
nil 
slight 


Cardiac muscle ... 68 72 
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The values obtained with the cat kept on a mixed diet for 12 days 
are in most cases distinctly larger than those of the cats kept on 
either meat or bread and milk for a similar period, and so there is little 
doubt that a mixed diet is more conducive to ereptic activity than an 
unmixed one. In any case the effect of diet is not a great one. The 
eteptic power of the tissues seems to be a fairly constant property which 
is only to a slight extent affected by considerable changes in the diet of 
the animal. This conclusion seems to be in contradiction to the results 
obtained by Lane-Claypon and Schryver’ concerning the effects of 
previous feeding and fasting on autolysis. These observers determined 
the rate of autolysis of minced liver and kidney tissue during the first 
24 hours after death, and they found that the tissues of fasting cats 


underwent a considerably more rapid disintegration than those of well © 


fed cats. This seemed to imply that the former contained a larger 
amount of proteolytic enzyme, but as Schryver himself suggests® it is 
possible that in the well-nourished animal the action of the autolytic 
enzyme is to some extent inhibited by the presence of metabolites. 
Certainly my own observations, not only those described above but 
others to be referred to in subsequent sections, seem to indicate that 
whatever may hold for other proteolytic enzymes the erepsin at least is 
but very gradually influenced by nutritive and other changes. This 
conclusion is in harmony with that of Batelli and Stern* concerning 
catalase. Thus the tissues of the rat showed no sensible diminution in 
this ferment as the result of 4 to 8 days’ starvation. 


THE DISTRIBUTION OF EREPSIN IN THE ALIMENTARY CANAL. 


The distribution of erepsin in the alimentary canal affords a striking 
proof of the connection between ereptic power and functional activity. 
In addition to the observations upon cats, others were made upon the 
rabbit, hedgehog and dog, and these are collected in the accompanying 
table. As regards the small intestine of the rabbit, the first seven inches 
were taken as duodenum, whilst the remainder, divided into two equal 
portions, represented the jejunum and ileum. The three feet immedi- 
ately above the anus were taken as a sample of the large intestine. In 
the case of the hedgehog the five inches immediately above the anus 
were taken to represent large intestine. 


1 Lane-Olaypon and Schryver. This xxxI. p. 169. 1904. 
*Schryver. This Journal, xxxn. p. 159. 1905. | 
* Batelliand Stern. Ibid. 
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The values given in the table for cat’s tissues are means of the eight 


series recorded in the previous tables. From them it appears that the 


Mean 
Stomach 44 8 8 8 2 06 
Duodenum  20°5 148 106 91 127 108 
Jejunum 150 148 68 85 98 82 47 66 
Tleum 11-2 133 66 82 105 84 92 70 1 
47 8-7 28 44 +18 28 g 4 


- mucous membrane of the duodenum contained about five ue as much 


erepsin as that of the stomach or the large intestine, so we see that the 
greatest ereptic power was concentrated in the small intestine, or where 
it would be of greatest service. Moreover it is present in largest quantity 
in the upper part of the small gut. Still the lower part of the gut 
contains about half as much as the upper, so the difference in distribution 
of the ferment is not nearly so marked as that found by Chepowalnikow' 
for enterokinase, and that by Bayliss and Starling® for secretin. In 
the dog, judging from the single series of observations made, the erepsin 
is almost evenly distributed through the small intestine, but in the 
hedgehog the duodenal mucous membrane shows a slight excess. The 
gastric mucous membrane of the hedgehog is peculiarly poor in erepsin, 
containing on an average only a fifteenth part of that present in the 
duodenal mucous membrane. 

The three animals so far mentioned are all carnivorous or omnivorous. 
When ‘we pass to the herbivorous rabbit we find considerable differ- 
ences. The whole of the mucous membrane is much poorer in erepsin, 
and in the small intestine we find the distribution of the ferment just 
the reverse of that previously experienced. ‘The ileum is now richest in 
erepsin, whilst the duodenum is poorest. The reason of this is unknown, 
but presumably the proteid constituents of the herbivorous diet are so 
indigestible that most of them have not arrived at the albumose and 
peptone stage till they arrive at the lower part of the small gut. In 
connection with this inverted distribution of ferment it will be remem- 
bered that the cats fed on a bread and milk diet showed a nearly even 
distribution of erepsin in their small intestine, whilst those on a meat 
ets showed an especial richness of ferment in the duodenum. 


1 Chepowalnikow. Abstract in Maly’s Jahresbericht, p. 878. 1899. 
This Journal, xxvut. p. 325. 1902. 


? Bayliss and Starling. 
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H. M. VERNON. 


THE EFFECT OF HIBERNATION ON EREPTIC POWER. 


In that the tissues of a hibernating animal during its winter sleep 
are in a condition of greatly lowered activity, they presumably possess 
- diminished functional capacity. One would accordingly expect the 
ereptic power to be weakened, and such was found to be the case in the 
tissues of the hedgehog. In the accompanying table are given the values 
obtained, two series with non-hibernating animals, and two with hiber- 
nating. The first hedgehog of which the results are recorded was killed 
on Nov. 19th, or just before entering into its winter sleep. Its body 
temperature was normal, but the animal seemed torpid and refused to 
eat food. Its alimentary canal was nearly empty, and its tissues were 
loaded with fat. The second hedgehog was killed on July 19th, the day 
after it was caught. Of the hibernating animals, the first was killed on 


Non-hibernating hedgehogs Hibernating hedgehogs 


When killed ... Nov.19 July 19 Mean ‘Dec.22 Feb. 16 Mean 
Weight +++ 885 gms. 747 gms. value 490gms. 648 gms. value Ratio 


Kidney 6-5 7-9 8-6 4-0 3:8 1 
Pancreas ... 2°5 8-0 24 86 3-0 10 
Spleen 5-8 46 52 “82 “59 *70 7-4 
Liver 21 1-7 1-9 ‘17 “16 “16 25 


Cardiac muscle “71 "25 85 30 16 
Skeletal muscle 29 24 33 24 10 
Brain +21 24 22 ‘15 81 23 1-0 


Dec, 22nd, oe it had a temperature of 7°5°. All the hedgehogs were 
killed by allowing them to inhale coal-gas, and so depressed were the 
vital processes of this animal that it continued to show movements for 
an hour after exposure to the gas. The summer hedgehog, on the other 
hand, showed no movement after 20 seconds. The second hibernating 
hedgehog was examined on Feb. 14th, and was then found to have a 
temperature of 9°2°. Next day, when it was killed, its temperature had 
risen to 35°, or it had become warm-blooded in consequence of. the 
previous disturbance. In spite of this, the ereptic power of its tissues 
had not obviously increased, as far as one can judge by comparing the 
values with those of the other hibernating animal. 

On comparing the mean values obtained with the non-hibernating 
animals against those obtained with the hibernating, we observe very 
striking differences. From the ratios given in the last column of the 
table we see that the kidney and liver of the non-hibernating hedgehogs 
were more than twice as rich in erepsin, whilst the spleen contained no 
less than seven times more ferment than was found in the hibernating 
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animals. This remarkable difference of ereptic power seems to indicate 
that this organ possesses important functions in the active warm-blooded 
animal. © 
The remaining tissues investigated, with the doubtful exception of 
cardiac muscle, show no appreciable response to the condition of hiber- 
nation. The pancreas, skeletal muscle, and brain gave the same mean 
values, whilst the mucous membrane of the alimentary canal was some- 
what richer in ferment in the hibernating than in the non-hibernating 
animal, Thus the last of the three series of hedgehog values given in 
the table in the previous section was obtained with a hibernating animal, 
and it will be seen that these data, as compared with those for normal 
animals, indicate a slight excess of ferment in the small intestine, and a 
deficiency in the stomach and large intestine. However, the results are 
not quite comparable, as the alimentary canal of the hibernating animal, 
being quite free of food, was not washed out with a stream of water before 
being scraped. That of the non-hibernating animals had to be treated 
in this way, and it may have lost a certain amount of ferment in the 


Judging from the whole of the results described in this paper it is 
probable that the diminution of ereptic power found in some of the 
tissues of hibernating animals is only gradually acquired after the onset 
of the winter sleep, whilst the increase which must occur when the animal 
becomes active again in the spring is likewise a gradual one. Accordingly 
a sudden change from the cold to the warm blooded condition, such as 
was experienced in one of the above-mentioned animals, would not affect 
the ereptic power to any great extent. As regards the apparent absence 
of response to hibernation in several of the tissues, it should be remem- 
bered that both the pancreas and intestinal mucous membrane actively 
secrete erepsin during the normal digestion of food, and so when in a 
resting condition they would doubtless store up a supply of this ferment. 
The total erepsin present in extracts of these tissues, which represents 
both this secretory erepsin and the true intracellular erepsin, might 
_ therefore be larger than in the actively functioning tissue. 


THE EFFECT OF DISEASE ON EREPTIC POWER. 


The effect of disease on ereptic power was studied in the guinea-pig 
and rabbit, and also in man. As a rule the tissues were not cut up and 
extracted till several hours after death; in the case of human tissues, 
often not for 24 hours. Hence it is necessary to determine to what 
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extent the ereptic value of a tissue changes after death. The accom- 
panying table shows the results obtained with some sheep's liver which 


Ereptic value of extract after . ) 

Liver extracted i day 2 days dorSdays Worlidays 28 or 80 days 
Immediately 3-2 80 80 
After 12 hours 82 
»  Aiday 8-1 3°3 8-4 20 
8°3 3°3 4°0 19 


was finely minced and pounded in a mortar, and then kept four days in 
a moist chamber. It began to smell putrid after two days, and had 
acquired a greenish hue after four days.. Every day a portion of the 
mass was withdrawn, and mixed with twice its weight of a mixtute of 
6 parts of glycerin and 4 parts of water. The ereptic power of these 
_ glycerin extracts was tested from day to day in the usual manner. In 
that diluted glycerin was used instead of concentrated, we see that the 
maximal ereptic power was attained very much quicker, it being reached 
in 4 or 5 days by most of the extracts. The onset of putrefaction, so 
far from destroying any of the erepsin, seemed to assist in its liberation. 
Thus we see that the tissue kept 4 days before extraction attained the 
greatest ereptic power of all, and, moreover, attained it after 2 days’ 
extraction instead of after 4 or 5 days. This somewhat unexpected 
result does not hold for all tissues, however. In another experiment 
the kidneys -of a guinea-pig were minced, and a part of the tissue 
extracted with concentrated glycerin at once. The rest was kept in 
a moist chamber, and part of it extracted after 3 days, and the remainder 
after 6 days. The fresh extract attained an ereptic value of 8°5, the 3 day 
extract one of 6'4, and the 6 day extract one of 4°0. In spite of this 
somewhat marked deterioration, it is probable that the deterioration of 
ereptic value in an intact kidney kept for one or even two days would 
be slight or non-existent, for the previous mincing of a tissue greatly 
accelerates autolysis and the onset of putrefaction. We may assume, 
therefore, that in all probability the data to be discussed have been but 
little influenced by any post-mortem changes in the tissues. 

The observations on guinea-pigs are three in number. The first 
column of figures in the table reproduces the ‘mean values for the tissues 
of normal guinea-pigs given in a previous table. The next column but 
two shows the values obtained with an adult guinea-pig which died 
from some cause unknown, but which had wasted greatly before death. 
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It weighed only 320 grams, or less than half as much as the three 
normal adult guinea-pigs examined, which averaged 767 grams. None 


Died 8days Died 6 weeks . Mean value Ratio of 
after Wasted for 
Kidney 78 28 4°5 8-7 2°4 
Liver B83 18 “95 14 
Cardiac muscle 16 - 2-8 61 72 2-2 
Skeletal muscle 65 “72 "63 56 59 1-1 
Brain ‘78 41 30 82 31 2°4 


of its tissues except skeletal muscle contained even half as much erepsin 
as those of normal animals, and two of them, viz. the liver and cardiac 
muscle, contained only a third as much. The previous column in the table 
shows the values obtained with a guinea-pig which died 6 weeks after 
an injection of Staphylococcus pyogenes aureus. It had in consequence 
wasted away rapidly, and at the time of death weighed less than half 
its original amount. As in the previous case its tissues—again with 
the exception of skeletal muscle—contained only half to a third the 
normal amount of erepsin. The mean values obtained with these two 
wasted guinea-pigs are given in the last column but one of the table, 
and in the last column are given the ratios between these and the 
normal values, Excluding skeletal muscle, we see that on an average 


the normal tissues contained about 2°3 times more erepsin than the 


wasted ones. | 

That this great diminution of ereptic power is dependent on the 
wasting of the animal is well shown by the data given in the second 
column of figures in the table. These were obtained with a guinea-pig 
which died 3 days after an injection of Staphylococcus pyogenes aureus. 
This rapid death precluded wasting, and hence we find that the tissues 
contained practically their normal amount of erepsin. 

Upon the rabbit three observations were made, but the results are 
not so striking as those on guinea-pigs, in that the degree of wasting at 
the time of death was not so marked. ‘The first column of figures in 


3 Mean Ratio of 
bed 9 week Adult diseased normal 
rabbit rabbit rabbit to diseased 
Tissue 171 gms. 360 gms. 1900 gms. value value 
Kidney 10°9 8°7 9-1 4-0 73 15 
Liver 2°3 1-4 1-2 13 
Cardiac muscle 1°4 10 15 *40 97 1°4 
Skeletal muscle 13 24 “44 *66 


Brain “49 "82 “50 10 
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the table gives the mean values obtained with normal rabbits. The next, — 
the values obtained with the combined tissues of two rabbits which had 
died from some unknown cause when 31 days old. The weight of these 
animals averaged 171 grams, or $2°/, less than that of a healthy rabbit, 
of the same litter, which was killed at the same time. The data 
obtained with this normal animal are given in a previous table, and in 
comparison with them we find that the kidney, liver, and cardiac muscle 
of the diseased rabbits were only about half as rich in erepsin. The 
next column of figures in the table gives the values obtained with a 
9 week rabbit which had apparently died from coccidiosis, and the next, 
those with an adult rabbit which had died of double empyema. This 
latter animal had wasted a good deal, and the ereptic value of its tissues 
was as a rule less than half the normal. Taking averages of the three 
sets of values obtained with diseased rabbits, we see that, compared with 
the normal values, the ereptic power of skeletal muscle and brain was 
practically uninfluenced, whilst that of the other tissues was about 
two-thirds as great. 

These observations on guinea-pigs and rabbits are in good agreement. 
with those of Schlesinger’ on young children. Schlesinger found 
that the autolytic power of the minced liver tissue varied with the degree 
of atrophy at the time of death. In children who weighed only 35 °/, of 
their normal amount, the autolysis was only half as great as in those 
who weighed 80°/, of the normal. 

The next table gives the results obtained with human tissues. They 
consist in determinations of the ereptic value of small typical samples 
of the kidney, liver, and cardiac muscle from 19 consecutive post-mortem 
room cases. For this material, and for the diseased animals above 
mentioned, I am indebted to the kindness of Professor J. Ritchie. The 
cases are arranged according to age, and brief notes, copied from the 
pathological record book, are given concerning the condition of the 
organs examined. 

As far as one can judge from these incomplete data, the age of a 
patient at death has a distinct influence upon the ereptic power of the 
tissues. On dividing up the whole of the cases into two nearly equal 
groups, and taking means, the following results are obtained : 


ef 


Mean ereptic value of 
Fate, 
24—44 4°2 2°5 ‘62 1-78 
50—76 3°6 48 107 


? Schlesinger. op. cit. supra. 
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These data show that as compared with individuals of 44 and under, 
those of 50 and upwards apparently have somewhat less erepsin in the 
kidney and cardiac muscle, but distinctly more in the liver. This re- 
lative increase in the ereptic power of the liver must, I think, be 
regarded as genuine. Thus in the last column of the big table are given 
the ratios between the kjdney and liver values in each case, and we see 
that whilst of the nine younger individuals all but one (and that a case of 
nephritis) had a larger kidney value than liver value, and six of them a 
considerably larger value, of the ten older individuals only two had a 
considerably larger kidney value. The average ratio of kidney value 
to liver value works out at 1°73 for younger individuals, and 1:07 for 
older. It is possible, therefore, that the diminished functional power of 
the kidneys, which is so frequent an accompaniment of old age, causes 
an increased amount of work to be thrown on the liver, and thereby 
raises the ereptic power of this tissue. oe 

On classifying the various cases according to the condition of the 
individual organs, the effect of disease upon ereptic power is strikingly 
brought out. Taking first of all the kidney, the cases have been split 
up into four groups. From the table we see that in six of the cases the 
kidney was said to be normal, and these, grouped together, give a mean 
ereptic power of 5°4 for the tissue. In two cases the kidney showed a 
catarrhal condition, in two others cloudy swelling, and in two others 
some fatty degeneration. These have all been grouped together, as 
_ showing only a slightly diseased condition, and they give a mean ereptic 
value of 3'°4. Then in four of the cases there was some interstitial 
nephritis accompanied by diminished cortex, and these had a mean 
ereptic value of 2°8, or not much more than half that of the normal cases. 
Finally, the single case of advanced nephritis, in which the medulla was 
_ diminished and the cortex much diminished, gave an ereptic value of 
only ‘86, or a sixth the normal. Clearly, therefore, in the kidney the 
more advanced the disease the less and less becomes the ereptic power 
of the tissue. | 

In the liver the relation between ereptic power and disease is not 
shown so strikingly as in the kidney. In only three of the cases was 
the liver said to be normal, and these gave a mean ereptic value of 2-4. 
There were two cases of nutmeg liver, and eight cases in which the liver 
_ showed cloudy swelling accompanied by more or less fatty infiltration 
and degeneration, These ten cases may be classed together as showing 
a slightly diseased condition, and they give a mean ereptic value of 4°6. 
This value is considerably greater than that of normal hepatic tissue, 
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but the number of normal cases was obviously too small to give a reliable 
result. Finally, in three instances the liver was cirrhotic, the two 
instances of slight cirrhosis giving a mean ereptic value of 1°4, and that 
of more marked cirrhosis one of ‘7. 

As regards cardiac tissue, the five cases in which it was said to be 
normal gave a mean ereptic value of ‘94. In five cases the heart was 
hypertrophied, and the cardiac muscle then had a mean ereptic value of 
56. This depreciation from the value of normal muscle is greater than 
one would have expected, as presumably the hypertrophied muscle was 
functioning quite as vigorously as the normal muscle. In six cases the 
tee muscle showed fatty infiltration or degeneration, or interstitial 
“myocarditis, or some fibrosis, In these cases of definite degeneration of — 
the cardiac muscle the mean ereptic value was only ‘32, or about a third 
that of normal cardiac tissue. In all three of the tissues investigated, 
therefore, we see that a pathological condition is accompanied by a loss 
of ereptic power, this loss being—as far as the limited number of 
observations can indicate—more and more marked more 
disease, 


GENERAL CONCLUSIONS. 


Before formulating any general conclusions concerning the tisane 
erepsins, it is expedient to compare the mean ereptic values of the 
various tissues of different species of mammals. This has been done in 
the accompanying table. The data given for the kidney, liver, and 
cardiac tissue of man are the means of determinations made upon the 


Kidney 11°6 5°2 
Liver 3°6 19 2°7 2°3 
Cardiac muscle 95 “48 18 
Skeletal muscle “56 25 (-18) 465} 86. 
Brain 1-0 23 (27) 68 


tissues of two healthy individuals killed by accidents. The values for 
skeletal muscle and brain, which are given in brackets, were obtained 
with the tissues of the diseased’ individual, aet. 68, referred to in the 
previous table, and are almost certainly abnormal. The data for the 
hedgehog are the means of the values obtained with the two non- 
hibernating animals. 

On comparing these mean values, one is at once struck by their 
similarity. Though the animals included in the table consist of carnivora, 
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omnivora, and herbivora, yet the extreme values of a tissue such as the 
liver vary only from 1°9 to 36. The values for the other tissues vary 
somewhat more, but having regard to the comparatively small number 
of observations made, and the great differences in the conditions of life 
of the animals examined, one is led to conclude that, given similar 
conditions, the average ereptic value of a tissue may be roughly constant 
through a wide range of the mammalian kingdom. This constancy is 
striking in comparison with the considerable variations shown by the 
intracellular ferment catalase. Thus Batelli and Stern’ have found 
that animals of different species give widely diverging results, For 
instance, the kidney and the blood of the guinea-pig and rabbit liberate 
similar amounts of oxygen, but the liver of the guinea-pig was found to 
liberate 16 times more oxygen than that of the rabbit. Again, in the 
pigeon the liver liberated 106 times more oxygen than the blood, but in 
the adder, the blood 3 times more than the liver. 

Quantitative comparisons with the tissues of different animals do not 
seem to have been made for other intracellular ferments, but Hedin 
and Rowland? determined the rate of autolysis of the juice pressed 
from the kidney, liver, and heart muscle of the calf or ox, and of the dog. 
They found that for both animals the kidney juice showed the most 
rapid autolysis, and the heart muscle juice the least (i.e. a similar re- 
lationship to that found for erepsin), and that the relative rates of 
autolysis were similar for the corresponding tissues of the two animals, 
so far as the results were comparable. The juice must therefore have 
contained similar amounts of the lieno-8-protease ferment*, ie. of 
the proteolytic ferment which acts in an acid medium. Probably, 
therefore, the various intracellular proteolytic ferments, whether those 
acting in an acid medium or an alkaline, those acting chiefly upon native 
proteids or their hydrolytic products, form a fairly constant constituent 
of each individual tissue, for they are bound up with, and form part of 
the “biogens” of the tissue protoplasm, and are intimately concerned 
with their various metabolic processes. We accordingly find that tissues 
such as the liver, spleen, kidney, and pancreas, which are specially con- 
cerned in the maintenance of the general nutrition of the body, ie. in 
the processes of digestion and excretion of the food material, are rich in 
erepsin and protease, whilst other tissues, such as muscle and brain, 


1 Batelliand Stern. Op. cit. 


* Hedin and Rowland, Zeit. f. physiol. Chem. xxxn. p. 681. 1901. 
* Hedin. This Journal, xxx. p. 155. 1904. 
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which have no special concern in these ee 


SUMMARY. 


The erepsin in the tissues of the guinea-pig, rabbit, and cat was 
found to increase considerably during intra-uterine development and 
for the first few days of post-natal existence, but during subsequent 
growth it remained constant. The kidney and liver values showed the 
most change, they increasing in some cases five- or even ten-fold, whilst 
those of cardiac and skeletal muscle showed the least. 

The ereptic power of most of the tissues is not greatly affected by 
diet. The spleen and liver of cats fed on meat for 11 to 29 days con- 
tained nearly twice as much erepsin as the corresponding tissues in cats 
fed on bread and milk for 14 to 46 days, but the other tissues were but 
little affected. 

The distribution of erepsin in the mucous membrane of the aliment- 
ary canal is very unequal. In cats fed on meat or a mixed diet, the 
- duodenum is about five times richer in ferment than the stomach. The 
jejunum is about two-thirds as rich as the duodenum, and the ileum — 
half as rich. Feeding on a bread-and-milk diet causes a considerable 
diminution in the duodenal ferment, and an increase in that of the large 
intestine. In the herbivorous rabbit the mucous membrane of the 
alimentary canal is much poorer in ferment than in the cat, dog, or 
hedgehog, and the duodenum, so far from being richest in ferment, 
contains only about half as much erepsin as the rest of the small 
intestine. 

Hibernation has a considerable influence on ereptic power. The 
kidney and liver of hibernating hedgehogs contained on an average less 
than half the erepsin present in the corresponding tissues of non- 
hibernating animals, whilst the spleen contained only a seventh as 
much ferment. Skeletal muscle and brain were uninfluenced by 
hibernation. 

Disease, if accompanied by wasting, greatly reduces the ereptic power 
of the tissues. In two guinea-pigs which were less than half their 
normal weight at death, the ereptic value of the kidney, liver, heart, and 
brain was 2°38 times smaller than the normal. Another animal, which 
died three days after an injection of Staphylococcus, showed no loss of 
ereptic power, as there was no time for wasting. 
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-.In man it was found that. individuals of 50 and over,.as-compared 
with those of 44 and under, showed increased ereptic power in the liver, 
but a decreased one in the kidney. Taking individual organs, it was 
found that as a rule the more advanced the disease the less and less 
became the ereptic power. For instance, the kidney when normal had 
an average ereptic value of 54; when showing cloudy swelling or fatty 
degeneration, one of 3 4; and when wtteciod with interstitial — 
one of 2°4, 


- ‘The expenses of this research were ‘defrayed by a grant fron the 
Government Grant Cotamittee of the Royal Society. 
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on THE GLOBULIN OF ALBUMINOUS”. URINE. 
By ALFRED W. SIKES, MD, BSc. 


Brom the Pathologioal Laboratory, Queen Hospital.) 


In ‘the course of some experiments on the amount of globulin in 
albuminous urine I noticed that the quantity of globulin was less in 
freshly collected specimens than in those which had stood some days. 

_ ‘For instance on two occasions the following numbers were obtained : 


After standing 4 days 


Exp. Il. Fresh urine "3350 “3090 
alkaline 
Standing 6 days (alkaline) 


Standing 2 days with acid oe (acetic 
acid added from time to time) , 


__ In the above experiments the urine to which the ammon. sulph. was. 
added to precipitate the globulin was made slightly acid with acetic. 
. acid—but in later experiments it was found safer to have it neutral or 
alkaline. It can be easily found on testing the filtrate from. the: pre-’ 
cipitated globulin that the addition of quite a large quantity(of alkali 
will not cause any change, but that more than a slight acidity with acetic 
acid will cause cloudiness. Poh]® and Ott” have both written on the 
importance of the reaction here. on 

Method. 50c.c. of urine are precipitated with an equal volume of 
saturated ammon. sulph. solution, and care is taken that the reaction is 
alkaline to litmus-paper. It is then allowed to stand for about a day 
till the precipitate has subsided.. (In the supernatant liquid no formation 
of globulin occurs, as if poured . off and — to mone there is no 

The supernatant. liquid is then on to a Schleicher filter-. 
one on a pressure filter (the paper must have been previously well 
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washed with } saturated ammon. sulph. solution); and the filtrate is re- 
placed on the paper till it passes through clear. The remainder of the 
fluid with the bulk of the globulin is then poured on to the paper and 
similarly treated. The precipitate is washed with 4 saturated solution 
of ammon. sulph. till the filtrate gives no trace of albumin. 

The paper and precipitate are then removed, rolled up, and put 
into a half-litre flask, about 200 c.c. warm water added and the flask 
shaken to dissolve the precipitate. This is now filtered, more warm 
water added to the flask, and the process repeated till all the globulin is 
dissolved, | 

The solution, which is opalescent, is placed in a half-litre flask and 
boiled; the flask being held in the hand and continuously shaken to 
avoid, as far as possible, globulin sticking to the glass. After boiling 
the fluid is made faintly acid. with acetic acid and allowed to stand till 
the precipitate has settled. It is then filtered off and washed with 
distilled water till the filtrate gives no trace of sulphate. The precipitate 
and paper are then dried at 110°C., cooled in a desiccator and weighed, 
the process (as with the filter-paper before use) being repeated till a 
constant weight is obtained. 


urine, and then adding a few drops of acetic acid ; where the urine has 
stood for some days, or has been made alkaline, it must be neutralised 
before boiling. The flask is let stand to allow the coagulated proteid to 
settle, then filtered and washed with distilled water till free from traces 
of chlorides. It is then dried at 100°, cooled, and weighed as described 
above. 

The following shows the general result obtained; the analyses were 
here made on a portion of freshly collected urine, and again on a portion 
which had stood 4 days at 36°. | 


Alb, +glob. Alb Glob. Quotient 
Exe. Ill. Fresh 2-670 1°598 1°072 1°49 
After 14 days 2500 1-26 


globulin increases. 


the amount of globulin had decreased. In this case the urine was 
decomposing before the first analysis was made, and I attribute the 
difference in result to bacterial decomposition of both the albumin and 
globulin. 


The albumin and globulin were estimated by boiling 20c.c. of the 


It will be seen that on standing the albumin decreases, but the 


I may mention that in one instance only I found on standing that’ 
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Exp. IV. A portion of the decomposing urine was analysed: the remainder was 
divided into two portions—one part was kept slightly acid with acetic acid and the other 
left in the alkaline state. Both were kept 3 days at 86° C. 


Alb, +glob. Alb, Glob. Quotien 
Original 885 107 178 8°97 
Alkaline 8 days “795 "629 166 8-78 
Acid 3 days "795 629 "166 3°78 


It will be seen that the albumin undergoes much greater loss than 
the globulin—in fact the quotient is decreased. In other experiments 
_ T have also obtained evidence that the globulin is more stable than the 
albumin. | 

It seemed to me possible that an explanation of this increase of 
globulin might be found in the observation of Kutscher®, that, in 
certain conditions of alkalinity, deutero-albumose will precipitate serum 
globulin. He considers that the globulin exists in some combination 
with soda, and that the addition of albumose breaks up this combination, 
making a less soluble one with the globulin. Some confirmation of 
Kutscher’s view is obtained by the experiments of Hildebrandt, who 
found, inter alia, that on adding albumose to dogs’ blood there was a 
loss of albumose and a gain of serum globulin. Thompson” also thinks 
it probable that the loss of albumose which he found on injecting into 
the blood, might be accounted for in the same way. It then seemed — 
probable that the albumin of the urine gave rise to albumose on decom- 
position, and that the albumose in the alkaline medium combined with 
the globulin, the combination being precipitated by ammon. sulph. and 
consequently weighing more than the original globulin. 

In order to test this point I made some experiments in which | 
Witte’s “ peptone” (containing albumose) was added to urine. 20 c.c. of 
Witte’s “peptone,” to which had been added a small quantity of sod. 
bicarbonate, was added to each 80 c.c. of urine, a portion of which had 
been tested for the amount of albumin and globulin. 


Exp. V. Urine so treated was divided into two portions, A and B. 

A was subjected to heat at 45° C. for 24 hours, and to 50° C. for one hour. 

B was treated with an alternating high tension current for 25 minutes. One terminal 
was a copper wire immersed in a test-tube full of water which fitted into a 200 c.c, flask, 
the other terminal was lead sheeting outside the flask; the solution quickly became warm, 
and the current had to be stopped occasionally to prevent overheating. 


Alb. +glob, Alb. Glob. Quotient 
Original "6950 °/, 5050 °/, "1900 °/, 2°65 
A "6125 ‘8650 "2476 1°47 


B 6500 “4025 "2476 1°62 
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_ Here it will be noticed that the globulin is the same in A and B, 
which seems to indicate that the only effect of the current was to heat 
- the solution. On another occasion I tried the same current for } hour, on 


a urine made a little 


Exp. VI. Original . 2670 149 


Current for 45 minutes 2°325 1'242 ‘87 


And again in a specimen of urine faintly acid to start with, 


Alb. -+glob. Alb, Glob. 
Exp. VII. Original 8900 6940 4960 
current passed ‘2880 


With another urine I passed the same current for 25 minutes to 
one portion (A), while to another some Witte’s “ peptone ” was added, 
and it | was let stand 24 hours. — 


Exp. VIII. Original 5510 1110 
“6400 6240 1160 
1240 
_ In another case * peptone” was added and es urine heated to 45° sf 
for 2 hours. 
Alb.+-glob. Alb, Glob. 
Exp. IX. Original “180 "004 


To find out alatber the above results were really due to the 


addition of albumose I made some globulin from urine in the way 
described; the opalescent solution was divided into several portions. 
One was estimated in the usual way; to another portion some “peptone” 


and sodium bicarb. were added and heated to 45°C. for 14 hours; to a | 


third portion “peptone” and a little ammonia were added and heated 
to 45°C. 13 hours; and to a fourth “ peptone” and a few drops of acetic 
acid were added and heated to the same temperature for the same time. 


Exe. X. Original Globulin = -1000 ‘le 
Peptone” + sod. bicarb. + heat. » = 
“ Peptone” +ammonia+heat » =0740 
Peptone” + acid +heat 


Again, in another experiment, I tried the result of heating 


“ peptone’ ” with globulin i in neutral solution. 


Exr. XI. Original Globulin = °/, 
"Pople nation 0640 
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So apparently with pure globulin the heating with albumose does not 
cause any increase, but the heating in alkaline solution causes an 
actual diminution due to formation of alkali-albumin. next tried the 
J oe offegt, of heat alone on urine in alkaline solution. 


Original Globulin = °/, 
qi Heated to 50°C. for 3 hour, Some sod. bicarb. added » SORE 

The sodium bicarb. did not in itself cause any precipitation, as was 
found by adding the same quantity to the amm. sulph. filtrate from the 
non-heated urine. _ 

~ Engel” gives one experiment where the globulin of the blood serum 
was increased by heating to 55°C.; also Moll more recently has found 
that the globulin can be increased by heat. 

So it appears that the addition of “peptone” does not increase the 
globulin, and that the passage of the electric current acted simply by ° 
heating the urine. 3 


RESULTS AND CONCLUSIONS. 


(i) Ani increase of globulin and a decrease of albumin occur in 
urine on standing. 

(2) The increase of globulin is probably not due to bacterial 
decomposition of the albumin, with formation of albumoses which 
combine with -the- globulin ; but may be: ‘due to direct conversion of 
albumin into globulin. 

(3) This change occurs more readily in an alkaline medium. 

(4) Albumose -added to globulin solutions saien not increase the 

amount. 

(5) Electrical currents passed through urine probably only i increase 
the globulin by heating the urine. 

| (6) Heat, especially in an alkaline medium, causes an increase of: 
{ globulin, and a diminution of albumin. 


(7) The globulin of the urine appears much more resistant to 
decomposition than the albumin. | 
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THE PHYSIOLOGICAL EFFECTS OF PEPTONE AND — 
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Introduction. In an earlier part of this investigation’ it was shown 
that when arginin is introduced into the animal body, as much as 90°/, 
of its nitrogen may reappear in the urine as urea, This was so much at 
variance with the results obtained by cleavage of the arginin molecule 
in the laboratory that further enquiry was deemed necessary. 
It will be remembered that Schulze and Winterstein® had 

_ found that when arginin is hydrolysed by boiling with barium hydrate, 

- not more than half of the arginin-nitrogen is transformed into urea, the 
other moiety being cleft off as ornithin. The same applies to the action 
of the ferment arginase discovered by Kosseland Dakin*. There can 
be little doubt that this latter cleavage constitutes at least a first step 
in the breaking down of arginin in the animal body, andif so the proba- 
bility of some of the ornithin appearing in the urine seemed near. 
1 This Journal, xxx. p. 187. 1905. 


Zetteche, f. physiol. Chem. xxv1. 8; 1. 
Tbid. xux. 8, 829. 1904. 
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No direct examination for its presence. in the urine had, however, 
been carried out in previous experiments: this therefore formed one 
_of the immediate objects of the present investigation. 

The close relationship of ornithin to tetra-methylene-diamine, and the 
_ appearance of the latter in cases of cystinuria and diaminuria made it 
necessary to observe whether, if formed in normal animal metabolism, the 
-ornitbin may not be excreted as tetra-methylene-diamine either in the 
urine or the feces. Loewy and Neubery’ have shown that when they 
gave arginin with the food to a cystinuric patient, tetra-methylene- 
diamine appeared in considerable quantity in the urine. 

Another question of no less importance remained also to be decided. 
K. Stolte* working in Hofmeister’s laboratory has recently shown, 
in confirmation of the previous work of Nencki and Schultzen’, 
Salkowski‘, and Knieriem*, that. the intravenous injection of certain 
monamido acids, notably glykokoll and leucin, gives rise to an increase 
of urea in the urine. The work of S. Lang® from the same laboratory 
indicates that the formation of urea from such bodies is preceded by a 
stage of “de-amidation,” with subsequent synthesis of the ammonia split 
off into the diamide of CO, or urea. The property of combining Co, 
which Siegfried’ has found to belong to many amido acids i is also of 
interest to recall. 

Farther, it is not unlikely that the urea which was shown in an 
earlier part of thése researches* to be furnished by albumoses and 
peptones when they are injected into the circulation may be determined 
by a process of de-amidation.from the bodies in question. 

If such de-amidation occurred at any stage in the katalysis of arginin 
it seemed probable that part of the ammonia would be excreted as such. 
Accordingly in two of the following experiments the output of urinary 
ammonia was determined. 

In previous experiments the faeces were not specially examined with 
the view of ascertaining whether any of the arginin-nitrogen escaped, 
either unchanged, or as ornithin, or lastly as putrescin, In two of the 
following experiments such an examination was carried out. 


1 Zeitschr. f. physiol. Chem. xin. 8. 338. 1904. 

® Hofmeister’s Beitriige z. chem. Physiol. u. Pathol. v. 8. 15. 1904, 

3 Zeitechr. f. Biol. vim: 8. 124. 1872. 

* Zeitschr. f. physiol. Chem. tv. 8. 100. 1880. 

5 Zeitschr. f. Biol. x. 8. 268. 1874. 

Hofmeister’s Beitriige, vy. 8. 821. 1904. 

1 Zeitechr. f. physiol. Chem. x1v. 8. 85. 1905. 

® This Journal, Vol. xxv. p. 179; also British Association Reports, 1898, p. 720. 
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. Methods. The same general plan was followed as in the: previous 
experiments. Dogs were brought into nitrogenous equilibrium on given 
diets. The arginin was added to the food ‘for two consecutive days 
and the effects noted. The-former diet in each case was then resumed 
for about three days, when arginin was once more administered, but this 
time by subcutaneous injection, and as.a rule for two. consecutive days. 
The effects of the latter were allowed to. subside and then a control 
observation was made to ascertain what influence the solvent, used in 
the hypodermic injections, had upon the metabolism. The: arginin was 
given in the form of carbonate dissolved in water or 8% naa _— 
and almost neutralised with hydrochloric acid. . 

Three double experiments were. carried out on these lines the diets 
being purposely varied. In one (exp. 4) a porridge made from 200 grms. 
of finely broken dog-biscuit mixed with 350 c.c. of hot water was given ; 


in another (exp. 6) the food consisted of lean ininced beef 75 grms., dried 


breadcrumb 100 grms. and lard 30 grms. mixed together into a cake ; 
while in the third (exp. 5), after several. trials,‘a diet which was 
ultimately found to suit, consisted of dried breadcrumb 40.grms., corn- 
flour 40 grms., made into a porridge with 50 grms. of condensed milk 
diluted and boiled. When this was cold ss grms. of lean minced beef 
was added. 

. The urine was drawn off by a sterilised ‘glass cathistes, once in 24 
hours. Exp. 4 was carried out in the Physiological Institute, Heidelberg. 
To Professor Kessel I am greatly indebted for the- in. it, as 
well as for much valuable assistance and advice. _ 

The arginin used in the exps. 5 and 6, which were in 
Dublin, was prepared in my own laboratory by the procedure of Kossel 
from herring milt; mostly in the form of carbonate.. To make ‘sure. 
that the substance was pure, part of it was converted into the acid 
nitrate salt, crystallised in the vacuum exsiccator and the melting point 
of the crystals determined. This agreed with that given by Gule- 


witsch’, namely as did also the. 


of the crystals. | 

In the Kjeldahl estimations copper or sulphate and 
were used to assist in the destruction. The urea was determined by the 
Mirner Sjéqvist method. The method of Folin® was tried in. the 
of exp. 6, but did not give 


Zeitschr. f. physiol. Chem. xxxvi. 8. 888. 1902. 
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THE OUTPUT OF TOTAL NITROGEN AND OF UREA. 


(a) During Arginin Feeding. The following table gives a com- 
parative output of the total nitrogen and of urea for three periods of 
each of the experiments, en before, ae and after — with 


arginin. 


Tasux 1. Tha of Ping th Teak 
- and Urea Nitrogen of the Urine. 


i Quantities expressed in grammes per day ? 
I. Before Il. During IIL. After (1 day) 
a +b a +b et +b 
Total N. Ur, Total N, Ur.-N, Total N. Ur.-N. 
Exp. 4. 5-026 4-055 5054 4102 


NB. In column I. (as figures Sox thine days, except in the case of 
exp. 6, where they are only for the day before feeding. a 


all of the the excretion of total nitrogen and of urea 

was decidedly increased during the feeding periods. The increase was 
greater on the second day of the feeding, equal quantities of arginin 
having been given, and was nn up to a less ahgre on the day after the 
arginin was: stopped. 
, The greater excretion on the second day, and the fact that the 
nitrogen increase did not subside immediately after the arginin was left 
off, would seem to indicate that the transformation into urea occurred 
in at least two stages: the first easy and rapid, the: second sere 
and more difficult. : 

In all of these respects the results cumelie those of the previous 
experiments. A closer analysis of the table brings out, in two of the 
-experiments, certain points of deviation from the earlier records. These 
_ ‘will best be seen by taking the résults singly and comparing the excess- 
nitrogen output with renege: intake as = The quantities 
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110 THOMPSON. 


Excess N, 
4. Total N. 
Day 1. 0°644 0°579 1°5056 
Day 2. 1-036 0986 1-4816 
Totals: 1°708 1°588 29872 
5. 
Day 1. 1'118 08505 16879 
‘Day 2. 1-328 1°1985 16879 
Day after. 0-785 05565 
Totals: 38-171 96005 3°3758 
Ezp. 6. 
03724 0°525 10099 
Day 2. not retd. 0-007 0°8250 
Day after. ” 0-168 
Totals: 0°3724 0-700 1°8849 


It will be seen that very considerable divergence was shown in the 
proportions of arginin-nitrogen excreted compared with the amount 
taken in. Thus, dealing for the present with urea only, the quantity 
which reappeared in this form during the two days’ feeding and one day 
after, amounted in exp. 4 to 52°99°/,, in exp. 5 to 77°03 °/,, in exp. 6 to 
37°6°/, of the intake. . 
| Two of the experiments, namely 4 and 5, were carried out on the 

same dog, with an interval of seven months between. The diets differed 
on the two occasions, and also the level of nitrogenous metabolism as a 
whole was lower on the second occasion than on the first. 

The results of exp. 6 are in several respects remarkable. Only on 
one of the three days was the output of total nitrogen increased. On 
all three days, however, there was an excess of urea-nitrogen, which on 
the first covered 52°/, of the arginin-pitrogen given, and exceeded, by a 
good deal, the increase of total nitrogen for the same day. This latter 
may seem at first glance impossible, but it will be remembered that the 
comparisons are between the total nitrogen or urea, of one day or one 
period, with the total nitrogen or urea of the next day or period. On 
reference also to the protocol of this experiment at, the end of the paper, 
it will be seen that the output of urea on the first day of arginin feeding — 
suffered much more increase than the corresponding output of total 
nitrogen. In this respect the result corresponded with previous experience, 
namely that the urea-nitrogen quotient is generally increased. 

(6) After Arginn Injection. As already explained, subcutaneous 
injections of arginin in each case (generally on two consecutive days) were 
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also given to the dogs.employed. The arginin as carbonate was dissolved 
in isotonic salt (0°9°/, NaCl) solution, then almost neutralised by 
hydrochloric acid and sterilised by boiling. Of this solution 25 cc. 

were injected hypodermically on each day of the administration by means 
of a sterilised syringe. Part was also taken for nitrogen estimation by 
the Kjeldahl process. 

The results which followed differed uniformly from those of the 
feeding experiments. A much larger proportion of the arginin-nitrogen 
was accounted for as urea. More urea in fact was excreted on several of 
the days than could have been derived from the arginin. It will be 
shown later that most of this surplus, but not all, can generally be 
accounted for by the influence of the solvent. The arginin also 
apparently acted as a stimulant to metanolisas The oe table 
gives the results. 


Taste 2. The Effects of Arginin 
and Urea of the Urine. 


I. Before Il. During ‘TTL. After (1 day) 

a +b a +b ; a +b 

Total N. Ur.-N. Total N. Ur.-N. Total N. Ur.-N. 

Ezp.4. 5026 4-055 ese 6-628 5°229 4-123 

1) 068 4'438 
4599) 


N.B, The explanations given under Table 1 apply to the figures in this table also, 
except that in exp. 4 only one subcutaneous administration of arginin was given. 


That a large increase buth of total nitrogen and of urea occurred on 
the injection days is seen at once. It is also to be noted that the out- 
put on the second day of injection was invariably less than on the first. 
This is contrary to what occurred in the feeding experiments; that it 
was probably due to a lessened reaction to the influence of the solvent 
per se: is suggested by the experience derived from two control injections 
in exp. 4. Owing to the fact that the saline employed for the first 
control injection was inadvertently acidulated, a second observation had 
to be made in this experiment. The later -injection produced no 
increase in the output of nitrogen, nor indeed did the first, but less 
nitrogen was excreted on the day of second injection than on the first. 
That no increase was caused by the first injection is probably to be 
attributed to the acidulation. 

That the increase on the injection days was larger than could be 
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accounted for by the arginin-nitrogen given, may also ‘be made out from 
the table. This point as well as others are however made clearer by the 
following analysis, which gives the excess, both of total nitrogen and of 
urea-nitrogen beyond the average side by side with the arginin given 
The percentage return of what was administered (the 
arginin-nitrogen being taken as 100) is given later. The quantities 


Dealing with the urea only: it comes out that the excess excretion 
of N. for the observation days represents in exp. 4, 117-97 °/,; in exp. 5, 
10485 °/,; and in exp. 6, 131°04°/, of the arginin-N. given. Referring 
back to the feeding periods, it will be seen: how different are the results 
in each case, notably that the order of yield is precisely reversed. Exp. 6, 
which gave the lowest yield in the feeding period, gives the highest 
here: exp. 5, which gave the highest yield before, gives the lowest now. 
The influence of the solvent, which has yet to be considered, only partly 
accounts for these antitheses, and their meaning is not by any means 


Of the three injection experiments, published in the previous part of 
this enquiry, control observations, to ascertain the influence of the normal 
salt solution used as solvent, were only made in two. One of these 
showed a slight increase, the other none; and the conclusion arrived at 
was that the solvent per se, in the quantities used, could not be held to 
account for the excess excretion of nitrogen beyond that injected as 
arginin into the animal. In two of the present experiments, however, 
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THE INFLUENCE OF THE SOLVENT. | 


« 
h 
Exp. 4. Total N. 
ay 
Day 1 1-610 1°391 
ye y 
Day after. 0-208 
y 
Totals: 1°818 1°391 
; otals: 1 | 
Exp. 5. 
1 1-708 1-3508 
y 
Day 2 1°638 1+3508 
‘138 
; Day after. 0 
4 Totals: 8 
Bap. 6. 
1 1°3244 0°9904 
3 Day 2 1°1214 0°9845 
y 2. 
Day after. 0-0864 
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the saline produced a decided effect on the nitrogenous excretion. This 
is shown in the following table. The salt solutions were sterilised by 
boiling before injection. In exp. 4 two injections were made because 
of the accidental acidulation of the saline used in the first. 


TABLE 3. ‘Tha Hifecta of Hypodermie Injections of Salt Solutions om the 
Eaeretion of Urinary Nitrogen. 
The quantities are expressed in grammes. 


Normal Injection After 
Total N. Total N. Urn. Total N. 
Exp.4. (a) 5-026 4°055 - 4-970 8948 4-956 8-892 
Eap. 6. —-2-9295 3-294 8611 8-199 
Exp. 6. 4-0096 3-276 3-563 8°703 8-346 


In exp. 4 (a) and (b) refer to the two injections. 


The experiments in which decided effects were produced are 5 and 6. 
If the analysis of table 2 be referred to, it will be seen that one of these 
(exp. 6) is that in which the excess urea-nitrogen most exceeded the 
arginin given. 

How far as a whole the influence of the solvent accounts for the 
excess nitrogen of the injection experiments beyond that administered 
is given below. The additional nitrogen excreted on the ‘feeding’ or 
‘injection’ days, beyond the average, has been called throughout 
‘eacess nitrogen. I propose to call the nitrogen of the injection 
experiments, which is unaccounted for by the nitrogen given, ‘surplus — 
nitrogen, and the additional nitrogen excreted under the influence of the 
solvent, ‘ solvent-nitrogen. The following shows the ‘surplus’ and 
‘solvent’ total nitrogen compared with the ‘surplus’ and ‘solvent’ 
urea-nitrogen of the injection periods of exps. 5 and 6. The quantities 
are given in grammes. In exp. 4 the solvent produced no reaction. 


Total N. Total N. 
Eap. 6. 0°3577 0-2870 0-1582 03045 
Eap. 6. 0-3840 01694 03226 02870 


Thus in exp, 5, the influence of the solvent accounts for ¢ths of soa 
‘surplus’ total nitrogen, and for much more than the ‘ surplus” urea- 
nitrogen. In exp. 6, the influence of the solvent on the whole is some- 
what less, but the relatively greater effect on the output of urea is 
preserved. Half the ‘surplus’ total nitrogen and {ths of the ‘surplus’ 
 urea-nitrogen are covered by the ‘solvent’ nitrogen in this experiment. 
PH. XXXII. 8 
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If allowance be made for the solvent influence in the analysis of 
table 2, given on p. 111, and the net results expressed as percentages of 


the yeaaenae a given, the following figures come out for exps. 5 
and 6. 


less solvent 
ta 
Exp. 6. total r.-N. 
Day 1. 12665 106°24 111-72 89°16 
Day 2. 121-30 100-05 96°68 74°18 
Total for 8 days 128°8 107°56 104'85 82:30 
Ezp. 6. 
Day 1. 188-72 116-72 188-6 104-60 
Day 2. 113-90 96-70 106-6 77°50 
Potal for 8 days 12568 10858 181-04 . 101'98 


The net total figures for the three days taken in each experiment, 
namely two days’ injection and one day after, are given in thick type. | 
From these it appears that the net total nitrogen excreted, exceeded the 
arginin-nitrogen by 7°56 °/, in exp. 5 and by 8'53°/, in exp. 6. This 
excess must therefore represent a stimulating effect produced by the 
arginin upon metabolism, 

The net urea excreted in the two experiments represents respectively 

82°30 °/, and 101-98 °/, of the arginin-nitrogen given. Deductions have 
to be made from these figures for the stimulating influence of the 
arginin, but on the other hand additions will have to be made (as will 
be subsequently shown) for excess ammonia-nitrogen on the arginin 
days, before the whole arginin excreted can be accounted for. 


THE EFFECTS ON THE EXCRETION OF AMMONIA. 


(a) Arginin Feeding. It was obviously necessary for the reasons 
given, to ascertain the influence of the arginin administration on the 
output of ammonia. The procedure adopted was that of Folin’ with 
very slight modifications. The method was found to give satisfactory 
results provided a sufficiently large blast of air were employed to expel 
the ammonia, The air-current was run through the urine for two hours 
in each case. 

Determinations of ammonia were made for all the periods of exps. 
5 and 6. The following table gives the results. The ammonia is 


expressed as nitrogen in grammes per day. 
1 Zeitschr. f. physiol. Chem. xxxvu. 8. 161. 
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Taste 4. The Effects of Arginin on the output of 


Ammonia in the Urine. 


Before During After “aren 
Exp. 5. 0:20995 1-879 1-6879 
ap. 5. 0'8010 1:3503 


There was a decided increase in the ammonia output on all-of the 
_ arginin days, proportional as a whole to the quantity of substance given. 

This is made clearer by the following analysis of the table in which 
the excess ammonia-nitrogen excreted, as well as the percentage propor- 
tion of the intake which it represents, are given. 


Feeding Periods. Injection Periods, 
Day 1. 01478 818 0-0898 665 
Day 2. 0°1628 9°61 0-1688 12°18 
Day after. 0°1188 0-1188 
Total 04284 12°69 02725 10:09 
Ezp. 6. 
Day 1. 00277 2°74 01178 
Day 2. 00221 2°68 01565 15-89 
Day after. deficit 00249 
Total ©0408 2°71 02087 1612 


Except in the otherwise anomalous feeding period of exp. 6 the 
results of the foregoing observations tally very closely. It will be noted 
that the excretion on the second day of administration, whether by 
feeding or by hypodermic injection, exceeded that of the first, indicating 
a retention of part of the previous dose of arginin beyond the day on 
which it was given. This is also shown by the ammonia output 
remaining above the average for one day after the arginin was left off. 
In both these respects the output of ammonia resembles that of the urea, 
and supports the inference that part of it is easily split off, while part is 
more difficult of attack and hence excreted slowly. It also suggests 
eee the part more difficult of attack is broken down by a process of 
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deamidation. Omitting the feeding period of exp. 6, and putting the 
figures of the three other periods together, the average percentage 
output of arginin-nitrogen in the form of ammonia-nitrogen comes out 
as follows, for the first days of the three exps. 8°87°/,, for the second 
days 9°21°/,, for the three full periods of two days’ administration and 
one day after 12°63 °/,. 

Feeding exp. 6 was exceptional in most respects, and in the output 
of ammonia more so almost than in any other. Were it not that the. 
dog’s health was exceedingly good, and distinctly improved under the 
conditions of the experiment, one would be inclined to attribute the 
- anomalous results to the presence of intestinal parasites: nor is this 
possibility absolutely excluded. 


THE TOTAL ARGININ ACCOUNTED FOR AS UREA AND AMMONIA. 


It is of interest to add together the yield of arginin-nitrogen which 
reappeared in the urine as urea and ammonia combined, before consider- 
ing the question of its possible excretion in other forms. The following 
table gives the result of such a summation for the feeding and 
injection periods of the two es aspen in which ammonia determina- 
tions were carried out. The ‘net urea’ of the injection days is the urea 
excreted above the average, less the urea which is accounted for by effect 
of the solvent. 


- Taste 5. The Arginin accounted for as Urea and Ammonia. 


Feeding Periods, Injection Periods. 
de Per cent. + Per cent. 
NH,-N. accounted for Ur.-N. NH,-N. accounted for 
Day 1. 0°8505 0-1478 58°52 1-204 0-0898 95°81 
Day 2. 1-935~ 01628 80°32 1:001 0-1638 86°26 
Total 3days 26005 04284 8948 | 2:°2225 02725 92:40 
6. | 
Day 1. 0-525 0-0277 55°74 1-036 01173 116-44 
Day 2. 0-007 00221 3°58 0-768 01565 93°39 
Total3days OF700 00498 4086 (| 2:014 02987 117°10 


In the three day periods, all through adopted, the feeding experi- 
ments gave outputs of combined urea and ammonia which amounted 
respectively to 89°43°/, and 40°86°/, of the arginin given. The corre- 
sponding figures in the injection experiments were 92°4°/, and 117'1°/, 
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respectively. Thus in all of the experiments, with the exception of the 
feeding period of exp. 6, even when a liberal allowance is made for the 
stimulating influence of arginin upon metabolism in the injection periods, 
there was a larger output. of nitrogen as combined urea and ammonia, 
than could have come from the wrea moiety of the arginin. Consequently 
the ornithin moiety must ‘have been largely drawn upon for contribution 
to the urea and ammonia output. This is in complete accordance with 
the results previously published’. 


THE UREA-NITROGEN QUOTIENT. 


On the assumption that arginin is largely converted into urea it was 
considered desirable, in the previous experiments, to ascertain the 
proportion of the total nitrogen made up by the urea in the various 
periods, namely, the normal, administration, and after periods. The 
results then showed’ in nearly every case a rise of the urea-nitrogen 
quotient during the arginin periods. The same quotient calculated in 
the present series for the different arginin days is as follows. The figures _ 


Normal Feeding ‘Injection After 
Day 1 Day 2 Day 1 Day 2 Feeding Injection 
Ezp.4. 807 81°28 823 848 81-2 18°8 
872 85 . 880 87°6 84:8 85:1 844 
Ezp.6. 86-7 88-0 86:2 84:1 88-0 88°7 


There was therefore as a whole a gradual rise in the urea-nitrogen 
quotient on the arginin days, somewhat more marked when the sub- 
stance was given by subcutaneous injection.. After the substance was 
stopped the quotient returned towards normal, except in ‘the anomalous 
exp. 6. 


THE EXAMINATION OF THE URINE FOR ORNITHIN AND PUTRESCIN. 


It did not seem probable from the results of the former investigations 
that the ornithin moiety could have been excreted in the urine either as 
ornithin or in the form of putrescin, The amount of urea excreted, 
almost precluded this possibility, nevertheless the matter could not be 
regarded as settled without direct search. . 


1 This Journal, xxxu. p. 187. 1905. 
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(a) Search for ornithin. Preliminary trials were made by analysing 
in each case two samples of dogs’ urine (100-c.c.), to one of which ornithin 
was added. In the first, an attempt to isolate half a gramme of the 
acetate by precipitation with phosphotungstic acid and conversion 
into the picrate, did not give satisfactory resulta. In the second 
a gramme and a half of the nitrate was added to the sample and after 
precipitation with phosphotungstic acid, the ornithin was converted 2 
into the phenyl-hydantoin compound by the method of Herzog’. The + 
crystals of ornithin-phenyl-hydantoin obtained, gave, after recrystallising, . 
a melting point of 192°—193°C, which agreed closely with that ob- 
served by Herzog. Nothing but crystals of phenyl-urea with melting 
point of 234°—235° C. was obtained from the normal sample. | 

The latter method was accordingly applied in exp. 4 to the urine of 
the feeding and injection periods separately, but no trace of ornithin 
was found in either. In the sample of the feeding urine at least 6 grms. 
of ornithin ought to have been represented, if the assumption were 
correct that the ornithin moiety is cleft off and excreted in the urine 
without further change. 

The f naphthalin-sulphochloride method introduced by Fischer and 
Bergell* and slightly modified by Ignatowski* for the purpose of 
separating amido acids from urine was also used. In exp. 5 it was 
applied to the urine of the injection period and also to that of the 
interval between the feeding and injection. In neither sample was 
any trace of ornithin discovered. The original method of Fischer and 
Bergell was used for one-half of the urine of the feeding periods in 
exp. 6, and again no ornithin was found. 

Lastly, since it had been pointed out to me that ornithin might be 
excreted in the dog either as ornithuric acid, or as a paired glycuronic 
compound, and so probably escape precipitation with phosphotungstic 
acid, one-half of the urine of the feeding period of exp. 6 was boiled for 
10 hours with 20°/, HCl. The urine was then diluted, precipitated with 
phosphotungstic acid, and the residue treated with phenyl-isocyanate. 
No ornithin was discovered, although the sample was a very likely one 

In which arginin-N. might have been represented as combined ornithin. 
~ During the feeding period from which it was taken only 40°86 °/, of the 
arginin-nitrogen given was accounted for as combined urea and am- 
monia in the urine, thus leaving a deficit of 59°12°/, If the ornithin 
1 Zeitschr. f. physiol, Chem. xxx1v. 8. 525. 


* Berichte deutsch, chem. Gesellsch. xxxv. 8. 8779. 
Zeitechr. f. physiol. Chem. xin. 8. 871. 1904. 
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‘moiety escaped in the way suggested the sample ~— to have had 
fully 2 grms. represented in it. 

(6) Search for putrescin. In searching for putrescin the method 
recently introduced by Loewy and Neuberg’ was applied to the urine 
secreted during the interval and injection periods of exp. 6 after 
previous treatment with phosphotungstic acid. The results were 
negative in both cases; that is to say, the precipitates obtained with — 
phenyl-isocyanate were entirely soluble in hot alcohol and consisted 
only of diphenyl-urea. The filtrate in each case, after removal of the 
diphenyl-urea, was examined for ornithin but without result. 

In none of the experiments, therefore, was either ornithin or 
putrescin present in the urine, at all events in quantity suffi- 

cient to be detected by the methods employed. | 


EXAMINATION OF THE FACES. 


In exp. 4 the total nitrogen of the feces was determined for three 
periods, (1) before the arginin feeding, (2) during the feeding and inter- 
vals, (3) during the injection and after periods. The average daily 
excretion during the first period was 1°7556 grms. N., during the second 
1:4968 grms., during the third 12928 grms. 

As in the former series of experiments, it would thus appear that 
the absorption of N. from the alimentary canal is more complete under 
the influence of arginin than under ordinary conditions. 

In exps. 5 and 6 the feces were examined as follows, for (a) the 
possible presence of unchanged arginin, (b) ornithin, (c) putrescin. __ 

The moist feces were twice extracted with hot alcohol, acidulated 
with sulphuric acid. After expelling the alcohol on the water-bath and 
evaporating almost to dryness, the residue was extracted with hot water, 
filtered, the filtrate cleared with animal charcoal, and precipitated with 
phosphotungstic acid. The phosphotungstic acid was removed in the 
usual way, the solution left, acidulated with H,SO, and treated with 
silver sulphate to obtain any possible arginin. The silver compound was 
thrown down by baryta and collected. Both precipitate and filtrate 
were then freed from silver and the filtrates reduced by evaporation. 

The residue from the arginin fraction was examined for optical — 
activity, then reduced in bulk, acidulated with nitric acid placed in the 
vacuum exsiccator to form nitrate crystals. 3 


1 Jbid. 8. 355. 
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The residue from the ornithin-putrescin fraction was dissolved in 
150 cc. of water and treated with benzoyl chloride, according to the 
method of Baumann and Udransky*. Where crystals in sufficient 
quantity were obtained a meeting point determination was carried 
out. 

From the residue of faces left after extracting with alcohol, a hot 
aqueous extract was also made in each case, and treated in the above 
manner with phosphotungstic acid, silver sulphate, and benzoyl chloride. 

In exp. 5 two collections of faeces were thus analysed, the first included 
that of the feeding and interval periods, the second that of the 
injection: period. In exp. 6 three collections were made, namely, for 
the feeding interval and injection periods; separate examinations of 
each were carried out. | 

It may be said at once that neither arginin, nor ornithin, nor 
putrescin was detected in any of the samples. 

The actual findings in each case are given below. 


Analyses of the Feeces. 
N.B. Periods F., Intv., and Injn., refer to Feeding, Interval, and Injection periods. 
Exp. 5. S 
A. Alcoholic Extracts. Periods F, Solution alkaline, 
arginin Solution neutral. 
Period Injn, 
No crystals on nitration. 


{ No ppt. on benzoylating. 
Period Injn.{ ,, 


B. Aqueous Eatracts: the same applies in particular wi the exception that 
Exp. 6. 

A. Alcoholic Extracts. 


Inactive. 
Period ¥. Doubtful crystal on nitration. 


Melting point impossible to determine. 


' Solution alkaline. | 
Period Intv. { Inactive. ~ 
No crystals on nitration. 


Period Injn. { Same as Inty. in each particular. 


Possible arginin 


1 Ibid. 8. 562. 
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Period F. { Orystals, ta 
Possible ornithin Dibenzo not for . 
or putrescir Period Intv. furtl enough 
benzoyl 
\ Period Injn. 
elting point 97° —100° C. 
B. Aqueous Extracts. 


“Possible arginin { Smal in every case for 


further treatment, 
Bape l ose very in every period. No 
Possible cenihin in the feoing period, an 
enough a point determination 


THE DEFICIT. 


No trace of arginin being discovered, as putrescin or ornithin, in either 
feces or urine of the feeding experiments, it remains to account for the 
deficit, which was very considerable, in the feeding periods of exps. 4 and 
6. In the former, no ammonia determinations were carried out, but the 
urea output represented 52°99 °/, of the arginin-N. given. Adding 10%, . 
the average amount excreted as NH,, there would still be 37°/, of the 
arginin-N. to account for. In exp. 6 the combined output of urea and 
ammonia was 40°86 °/,, leaving 59 °/, of the nitrogen unaccounted for. 

Since no trace of these deficits was discovered in the excreta, one 
must for the present assume that part of the arginin given with food 
may be built up into protoplasm and stored in the body. The animals 
‘in both these experiments slightly increased in weight after the 
feeding. 

It remains to thank my demonstrator Mr William Caldwell for 
willing assistance in many of the analyses. 


SUMMARY. 

1. When arginin is given to dogs by feeding, the proportion of its 
N. which reappeurs in the urine as urea varies in different animals and 
apparently also with different diets. In three further exps. the output 
in this form represented 52°99 °/,, 77:03 “lo and 37°6 °/, respectively of the 
nitrogen intake. 

2. Part of the urea is excreted at once, part more slowly—the latter 
probably being formed by a process of deamidation of the ornithin moiety 
and subsequent syntheses of the ammonia into urea. 


1 The corresponding crystals of dibenzoyl ornithin are fine needles with melting point 
184°C, ; of dibenzoyl putrescin also needles with melting point 175°—176° C. 
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3. The results of injecting arginin subcutaneously are more constant 
than those of feeding and give a larger yield of N. in the form of urea. 
In one exp., without deducting for the effect of the solvent, the output of 
N. as urea exceeded the intake by 17:97°/, In two others, after 
allowing for the solvent, the urea-N. represented 82°3°/, and 10198 , 

of the arginin-N. 

4. The solvent (9%, NaCl) exerts a variable influence on urea 
output. In two of the previous experiments little or no influence was 
observed. In one of the present series, the effect was very slight, in 
two others (exps. 5 and 6) very distinct. 

5. The effect of the solvent in the injection exps. is not as a rule 
sufficient to account for the whole of the ‘surplus’ nitrogen excreted 
beyond that administered : arginin must therefore stimulate metabolism 
per | 

6. The ammonia of the urine is increased when arginin is given 
either with the food or by subcutaneous injection and roughly in propor- 
tion to the dose. Part of the arginin-nitrogen is excreted at once as 
ammonia, part more slowly. The average amount in all is about 10°/, 
of the arginin-N. given. 

7. Neither ornithin nor putrescin appeared in the urine in sufficient 
quantity to be detected. 

8. Arginin-N. was not excreted in the feces either as arginin, or 
as ornithin, or as putrescin. 

9. A deficit of arginin-nitrogen amounting to 37 °/, and 59°/, respec- 
tively in the feeding periods of exps. 4 and 6, which was not accounted 
for in the excreta, was probably retained as protoplasm in the body. 
The animal’s weight in each case slightly increased during the feeding. 
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PROTOCOLS. 


5-068 4-088 8°20+ 
5-026 4°186 8°20+ 
4-984 3-892 8-20 
Average: 5026 . 4°055 


Arginin carbonate (1°5056 grm. N., and 1°4816 grm. respectively) was mixed with the 
food on this and following day. 


4'634 8°25 + 
8°15 
4°102 8°25 
4-914 8-934 8-20 
Arginin carbonate in neutral solution (1-391 grm. N.) injected subcutaneously. 
66386 8°25 
5-239 4°123 8°25 
4-935 3920 8°25 
4949 8°25 
Isotonic saline (30 ¢.c., ‘9 °/, NaCl) injected s A, 
4-970 8°25 
4-956 8°35 
4°928 3-948 8°37 
Isotonic saline (30c.c., ‘9 °/, NaCl) injected subcutaneously. 
4°816 8°836 8°37 


4°830 


Ezp. 5. Same dog. Seven months later. Weight 8-9 kilos. Food, flesh 130 grms., 
dried bread-crumb 40 grms., corn-flour 40 grms., condensed milk 50 grms. The milk was 
diluted with water, then boiled and the bread-crumb, after mixing with the corn-flour, 
stirred into it. When cold the minced lean meat was added. 


Total N. Urea-N. Ammonia-N. 
in grms. in grms. in grms. in 
38-7660 8-1640 0-1610 90 
8-7810 8-2620 0-2020 89 
8; 2-080} 8; 8-95 


‘ 

1 After this had been administered it was discovered that the vessel into which the 
saline had been measured contained a trace of sulphuric acid. No ill effects either local 
or general followed. A subsequent injection was however required. 
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Arginin carbonate dissolved and neutralised with HCl (16879 grm. N.) was added to 
the food of this and following day. 


— 
44780 0'2745 8°95 
4°68380 4'1230 8°95 
4°0950 3°4860 8-95 
8°3250 2°8770 0°1610 8°95 
3°3600 2-9050 0°1580 9°0 


Arginin carbonate solution (1°8508 grm. N.) neutralised with HCl injected ‘dibs 
ously on this and following day. 


5°0680 4°4380 0'2270 9°0 
4°9980 4°2350 0'3010 9°05 
3°4930 2-9470 0°2560 
urine lost 
3°5700 8°0870 0°1330 
Isotonic saline (25 c.c., 0-9 °/, NaCl) subcutaneously injected 
3°6470 3°2340 0°1205 
8°6110 3°1990 0°1315 
8°8220 33460 0°1485 


100 lard ‘80 grms. 


41860 8°591 0°1795 8°6 + 
42770 0°1952 86+ 
40096 8-276 01767 8°65 


Arginin carbonate dissolved and neutralised with HCl (1:0099 grm. N. and 0-825 grm. N. 
respectively) was mixed with the food on this and following day. 


4°3820 0°2044 8°65 
3°7310 8-283 o-1988 8°65 
83-9201 8°451 0°1414 8°70 
83-9130 8-444 0°1540 8°70 


Arginin carbonate in solution as before (0°9904 grm. N. and 0°9845 grm. N. respectively) 


5'3840 4°509 0°2940 8°65 
5°1810 4°326 o'3832 8°70 
4°0460 3°591 0°2016 8°70 
3°9970 0°1596 8°70 
4°0390 8°577 0°1816 8°70 
8-9900 8-433 0°1358 8°75 
Isotonic saline (30 ¢.c., 0-9 °/, NaCl) injected subcutaneously. 
41790  0°1582. 8°75 
3°7080 0-1358 
8°7310 8°381 01470 8°75 
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ON THE GRADATION OF ACTIVITY IN A SKELETAL | 
MUSCLE-FIBRE. By KEITH LUCAS. (Ten Figures in 
the Text.) | 


From the Physiological Laboratory, Cambridge.) 


In the course of an inquiry into some of the variables which deter- 
mine the magnitude of a muscle contraction I have attempted to obtain 
experimental evidence of the method by which the stimulus grades 
_ contraction in a many-fibred skeletal muscle. The contraction in the 
whole muscle might conceivably be graded either by gradation of the 
contraction in each several fibre, or by variation of the number of fibres 
called into play, or by a combination of both these methods. There 
is at present no direct evidence that the contraction in a single fibre is 
graded by the stimulus. On the other hand there are the observations 
of Hermann”, Tigerstedt®, Griitzner®, Wértz, Bonhéffer®, 
and Schott, on the different behaviour of the fibres contained in a 
single muscle ; there is the proof given by Griitzner ©, that weak stimuli 
applied to the sartorius of the frog excite the fibres on one surface only ; 
and there are the experiments of Gotch” on the time relations of 
contractions obtained with maximal and submaximal stimuli. All the 
weight of this evidence favours the view that the contraction is graded, 
in part at least, by variation of the number of fibres concerned. 

It appeared to me that if, as this evidence suggests, and as Griitzner ” 
and Gotch® have so strongly maintained, the number of fibres 
involved were the chief or only means of grading a contraction, direct 
evidence of this fact might be obtained. For, if the contraction of a 
sufficiently small number of fibres could be recorded, it should appear 
that as the stimulus was increased continuously the contraction increased - 
discontinuously in definite steps, each step marking the excitation of 
a new fibre. 

The muscle chosen for this experiment was the cutaneus dorsi of the 

frog. It contains usually between 150 and 200 fibres, The skin of the 
frog was opened under Ringer’s solution, and from the external edge 
of the muscle a number@f fibres varying from about twelve to thirty was 
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separated by a cut running from end to end of the muscle parallel to the 


direction of the fibres. The larger portion of the muscle was then 


detached by a transverse cut, and the few fibres remained, attached to 
their bony attachment at the inner end, and to a small piece of skin at 
their outer end. A hole was made in the skin for attachment to the 
recording lever. The lever consisted of a piece of fine glass tube 5:4 cin. 


in length, fastened by one end to a horizontal brass axle, from which it 


hung vertically downwards; its lower end was bent to form a hook, 
engaging with the piece of skin to which the muscle-fibres remained 
attached. The muscle passed out horizontally from the side of the 
frog to its engagement with the recording lever. The axle of the 
lever carried a galvanometer mirror, through which a spot of light 
was focussed on a photographic film carried by a revolving drum 36°5 cm. 
distant, In this way the changes in length of the muscle-fibres 
were recorded with a magnification of 13°5 times. A small weight 
was attached to the axle of the recording lever, giving a tension of 
about 0°01 grm. on the muscle. Throughout the dissection and the 
experiment the muscle remained completely immersed in Ringer's 
solution. The stimulating electrodes were two platinum wires, which 
were placed one on each side of the muscle at about its middle point ; 
they did not touch the muscle. Break induction shocks were used. 

Ten experiments were made in this way, contractions being recorded 


at intervals of 30 seconds with small successive increases of stimulus. 


Three of the experiments were made on curarised muscle ; in the remain- 
ing seven curare was not used. The heights of the contractions recorded 
are tabulated below, the actual shortening of the muscle in each case 
being 0°074 of the number given. The photographic records were — 
measured, under a magnification of ten diameters, by comparison with a 
glass scale divided to jj mm., ;4, mm. being estimated. As soon as 
each experiment was completed the preparation used was fixed, sections 
were cut, and the fibres in the preparation were counted. For each 
experiment two numbers are given, showing the greatest and least 
number of fibres found. : 

The results of these experiments are plotted in figures 1 to 7, the 
distances of the secondary from the primary coil being shown as abscisse, 
the heights of contractions as ordinates. 
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Exp. la. No. of fibres, 10—13. Temp. 22° 0. 
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Fig. 10. 


Observation Coll 
1 8°6 cm. 0 ee? 
2 85 892mm. |6- 
8 10°49 - 
4 83 10°90 
5 82 11°11 1247. 
6 8-1 11°25 
80 11°84 
79 11°43 
9 78 11-44 
10 77 17°11 
75 17°77 
9 3 
Fig. la. 
| Exe. 15. Same preparation as Exp. 1 a. 
Observation Coil Contraction Observation Coil Contraction 
number distance on record number distance on record 
1 8°5 om. 4°22 mm. 7 7°6 cm. 17°28 mm. 
a 8°4 4°37 8 72 17°65 
8 83 10°96 9 6°8 19°46 
4 82 11-04 10 6°0 19°69 
5 81 11°37 1l 52 19°62 
6 8:0 11°60 
° 
e 
Is - 
jal 
is ee 
9 8 7 6 5 
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Exp. 2. No. of fibres, 21—24. Temp. 22°C. 


1 9°1 om. 0 12 8°0 cm. 7°42 mm, 
2 9:0 3°95 mm. 13 79 7°58 
8 403 14 78 8°12 
4 8-8 4:20 16 76 8°40 
5 8-7 4°39 16 851 
6 86 7°40 17 72 8°55 
7 8°5 7°53 18 70 8°40 
8 8°4 7°51 19 68 11°28 
9 83 7°61 -20 66 11°37 
10 8-2 758 21 6-4 11-27 
1l 81 7°38 
eee 
8- 
4. @oo® 
T T 
9 8 7 6 
Fig. 2. 
Exp. 3. No. of fibres, 12—17. Temp. 18°5° 0. 
Observation Coil Contraction Observation Coil Contraction 
number on record number distance on record 
1 0 12 12°4cm, 870mm. 
2 13°7 8°47 mm. 13 12°2 12°00 
3 186 860 14 120 
4 13°5 8°55 15 116 12°39 
5 8°64 16 11°2 12°42 
Nie 13°3 8°76 17 10°8 12°35 
7 13°2 8°77 18 10°4 12-70 
8 13°1 8°78 19 10°0 12°56 
9 13°0 8-69 20 9°6 12°74 
10 12°8 8°76 21 12-69 
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8 be 


4+- 
T tT T T 
1+ 13 12 10 
Fig. 3. 
Exp. 4a. No. of fibres, 10—36. Temp. 19°C. 
Observation _ Coil Contraction Observation Coil Contraction 
number distance on record — number ; distance on record 
1 11-0 cm. 0 15 92 cm. 13°16 mm. 
2 10°9 4°31 mm. 16 9°0 13°34 
3 10°8 4°50 17 88 13°33 
4 10°7 4°58 18 8°6 13°54 
5 10°6 °B5 8°4 13°57 
6 10°5 6°58 20 8-2 13°69 
10°4 7°59 21 8:0 13°68 
8 10°3 7°67 22 13°72 
9 10:2 7°90 23 7-4 13°76 
10 10-1 8°00 24 71 13°77 
11 10°0 8°03 25 68 13°78 
12 11°35 26 65 13°95 
13 9°6 11°97 27 6°2 13°91 
14 9-4 13°15 28 59 13°97 
16 
ee ee ee @ 
12 - e? 
8 - @ 
4 - eee 
tt 10 9 8 7 6 
Fig. 4a. 
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130 KEITH LUCAS. 
Exp. 46. Same preparation as Exp. 4a. 
Observation Contraction 
number we on record number distance on record 
1 11-2 em, 0 14 9°6 cm. 12°51mm 
2 Ill 5°64 mm 15 13°58 
3 5°77 16 9°2 18°65 
4 10-9 5°76 17 9°0 13°68 
5 10°8 5°85 18 8°7 18°69 
10°7 7°52 19 8°4 13°81 
7 10°6 7°61 20 13°85 
7°63 21 78 13°78 
9 10°4 772 22 75 18°75. 
10 10°3 7°71 23 72 13°81 
11 10°2 7°85 24 69 13°69 
12 10°0 11°58 25 66 13°71 
13 9°8 12°50 
16 
eee 
ee 
12 
eeee | 
+ 
0 > T 
a 10 9 8 7 
Fig. 40 
Exp. 5. No. of fibres, 20—31. Temp. 20°C. 
Coil 
number distance on record number Pm on record 
1 10°6 cm. 0 12 73 om. 8-28 mm 
2 10°3 1:09 mm. 138 70 9°37 
3 10-0 1:14 14 6°7 9°36 
4 9-7 1-72 15 6°4 9°20 
6 91 2°49 17 5°8 10-08 
88 4:90 18 5°5 10-03 
8 85 5°59 19 5-2 10-08 
9 8-2 5°70 20 4-9 10-07 
10 79 6°02 21 4°6 10°24 
11 76 7°02 
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* 
e 
10 9 7 6 5 
Fig. 5. 
Exp. 6a. No. of fibres, 12—23. Temp. 21°C., curarised. 
number distance on record : number distance on record 
1 9°4 cm. 0 9 8-2 em. 10°63 mm. 
2 0 10 12°82 
9:2 8-98 mm. ll 12°91 
4 91 8°95 76 13°76 
5 9°0 8°99 18 13°65 
6 8°8 10°48 14 72 13°65 
7 8°6 10°59 15 70 | 13°59 
8 10°70 
16 
@®eee 
ee 
12 
eee 
ee 
8 - 
4+ ~ 
10 9 Ss 7 
Fig. 6a. 
Expr. 66. Same preparation as Exp. 6a, curarised. 
Observation Coil Contraction Observation Coil Contraction 
number distance on record number distance on record 
1 9°1 cm. 0 10 82cm.  1044mm. 
2 9°0 7°98 mm. ll 81 10°43 
8 89 7°86 12 8-0 12°49 
4 88 7°84 18 78 12°44 
5. 87 9°58 14 76 13°10 
6 8°6 9°56 15 7-4 13°49 
8°5 9°68 16 7-2 18°43 
8 8°4 9°79 17 70 13°54 
9 10°33 18 6°8 13°69 
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16 
eee ® 
12° 
8 see 
4- 
re) — 
10 9 S 
Fig. 6. 


Exp. 7. No. of fibres, 12—21. Temp. 21°C., curarised. 


Observation Coil Contraction Observation Coil Contraction 
number distance. on record © number distance on record 
1 10°3 cm 0 12 9°0 em 10°62 mm. 
2. 0 13 8°8 10°53 
3 10-1 9°52 mm. 14 8°6 10°63 
4 10°0 9°76 15 8°4 10°61 
5 99 10°25 16 10°59 
6 9°8 10°40 3 17 80 10°57 
Pere | 9°7 10°41 18 78 10°70 
9°6 10°42 19 76 10°53 
9 9°5 10°41 20 7°4 10°40 
10 9°4 10°37 21 10°58 
11 9-2 10°41 
eee 
8- 
4+- 
oo. 
10 9 7 


Fig. 7. 


It is clear that, as the strength of the stimulus increases, the magni- 
tude of the contraction increases, not continuously but in steps. The 
number of steps is irregular, but is always less than the number of fibres 
in the preparation used. Also a movement of the secondary coil 
through one millimetre has. frequently caused a step, to which sub- 
sequent movement through many millimetres has made no perceptible 
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addition. Good exaiiples of this fact are seen in experiments 2, 3, 45, 
and 6b. It is therefore evident that if any continuous gradation of the 
contraction of a fibre by gradation of stimulus is possible, it must often 
lie within a comparatively small range of stimulus. ne 
We have next to consider the meaning of the discontinuous gradation 
observed. This may be due to one of two causes; either the contrac- 
tion of each single fibre increases discontinuously as the stimulus 
increases continuously, or the steps mark the addition of new fibres to the 
number of those previously excited. The former supposition accords 
with no known behaviour of a cell under excitation. If, on the other 
hand, the second supposition be accepted, the behaviour of the skeletal 
muscle-fibre falls into line with the known behaviour of the ventricular 
fibre. For, since the number of steps observed in the experiments 
described above is always less than the number of fibres in the prepara- 
tion used, it follows on this supposition that many of the steps must mark 
the addition of more fibres than one to the number previously excited. 
It therefore appears probable that those steps which rise gradually to 
their greatest height are really composite, and would be resolved, by 
a finer gradation of the stimulus, into a number of small steps corre- 
sponding to the excitation of a number of fibres differing but slightly 
| in their excitability. It will therefore probably be right to accept 
as our estimate of the increase of stimulus necessary to bring a fibre from 
inactivity to maximum activity, the smallest increase of stimulus which 
brings about a complete step. If then we accept the supposition that 
_ the steps mark the excitation of fresh fibres, we have no reason to sup- 
pose that the increase of stimulus necessary to bring a fibre from 
inactivity to maximum activity is greater than that caused by one 
millimetre of movement of the secondary coil. The gradation of 
contraction in a single fibre must consequently be, when direct 
stimulation is used, a factor of slight importance in the gradation of 
contraction in a many-fibred muscle; for the latter gradation is often 
obtained throughout a range of stimulus corresponding to a movement 
of the secondary coil over fifty or sixty millimetres in the same region 
of the scale. The fundamental difference between skeletal and ventri- 
cular muscle must lie rather in the functional connexion of the muscle- 
fibres than in their individual behaviour. 3 
It remains now to consider, on the same supposition, the evidence 
afforded by these experiments as to the possible mechanism by which 
contraction may be graded in a many-fibred muscle. 
‘ Tt has been seen, in the experiments described above, that, as the 
stimulus increases, the contraction increases in irregular steps, fewer in 
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number than the number of fibres in the preparation. The fibres must 
therefore fall into groups according to their excitability, a group contain- 
ing fibres of not widely different excitability, whereas between any two 
groups there is a comparatively wide difference. This is well seen in 
such an extreme case as experiment 3 (fig. 3), where the fibres, whose 
number was between 12 and 17, were almost all included in two groups, 
one group having its threshold between 13'8 and 13°7 cm. coil distance, 
the other group having its threshold between 12°4 and 12°2 cm. Now 
in the whole of a many-fibred muscle it may frequently be observed that 
the contraction continues to increase over a range of stimulus corre- 
sponding to a movement of the secondary coil from about 12 cm. to 6 cm. 
or from 10 cm. to 5 cm. distance from the primary coil. Should we not 
expect that here also, over this wide range of excitability, the fibres 
would tend to fall into groups of like excitability, so that the increase of 
contraction would show irregular steps also in the whole muscle? As a 
fact this expectation is fulfilled. For the apparent continuity of the 
increase of contraction in a many-fibred muscle is due to the small 
number of observations usually made during the increase. But ifa large 
number of observations be made at small intervals of increase of stimulus, 
then the steps in the increase of contraction may be detected. To make 
this point clear I give here the results of three experiments, similar in 
method to those already described, made on the whole of the cutaneus 
dorsi of the frog, which contains from 150 to 200 fibres approximately. 

The results of the experiments are tabulated below, and the obser- 
vations are plotted in figs. 8,9, 10. It will be clear, especially from figs. 
9 and 10, that the contraction does increase discontinuously as the 
stimulus increases continuously. 


Exp. 8 No. of fibres, 193—195. Temp. 18°5°C., curarised. 


Observation Coil Contraction Observation 
number distance on record number 
1 10°8 om. 0°22 mm. 15 
2 10°7 0°39 16 
3 10°6 0°44 17 
4 10°5 0°46 18 
5 10°4 0°82 19 
6 10°83 0°89 20 
7 10°2 1°15 21 
8 10°1 1:04 22 
9 10°0 1°31 23 
10 98 1°55 24 
9°6 2°01 25 
: 12 9°4 2°25 26 
13 9°2 2°65 27 

14 9-0 2°77 
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Fig. 8. 
Exe. 9. No. of fibres, 143—-152. Temp. 18°C., curarised. 
Coil Observation Coil 
number distance on record number distance on record Mi 
1 9°5 cm. 0°24 mm. 14 78 cm 7°74 mm. 
2 9°4 0:28 5 76 8°86 
3 9°3 0°38 16 9°14 
4 9°2 1:27 17 72 9°85 
5 91 1°19 18 70 10°45 
6 9-0 1°59 19 6°8 10°63 
7 8-9 2°64 20 6°6 11°14 
8 88 2°93 21 6°4 11°27 
| 9 87 3°36 22 6-2 12-26 
10 8°54 23 6-0 12°40 
1l 84 4°34 24 58 12°88 
12 8-2 5°87 25 5°6 13°00 
8-0 6°89 
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Expr. 10. No. of fibres, 209—228. Temp. 17°5°C., curarised. 
1 12-2 cm. 0°48 mm. 16 10°2 cm. 4°28 mm. 
2 121 0°45 10-0 4°90 
3 12:0 0°42 18 9°7 5°56 
4 11-9 0-38 19 94 6°34 
5 11°8 0°48 20 9-1 7:08 
6 11-7 0°44 21 7°60 
7 116 0°86 22 85 8°09 
8 115 23 8-2 8°29 
114 1°14 24 79 9°10 
10 1°15 25 76 9°51 
11 11°2 1°38 26 73 9°97 
12 110 1°75 27 70 10°53 
13 10°8 28 6-7 10°82 
14 10°6 | 29 64 11-00 
15 10-4 3-08 30 61 11°52 
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Fig. 10. 


It would appear, then, that the fibres in a whole muscle must cover a 
very wide range of excitability towards the direct stimulus, Indeed the 
threshold stimulus of the most excitable and that of the least excitable 
fibres must often lie as far apart as is implied by the distances 12 cm. and 
-6cm. between the primary and secondary coils. This may seem to be a 
great difference, but it should be observed that Kiihne® has shown the 
existence of differences of excitability at different points in the length 
of a muscle, so that even if the mean excitability of the several fibres 
were not widely different, a want of correspondence in the distribution 
of the excitability along each fibre would cause differences of excitability 
to occur in any cross section to which a stimulus might be applied. 


SuMMARY. 


If a very small number of the skeletal muscle-fibres of the frog be 
stimulated with a series of increasing stimuli, their contraction increases 
to its maximum in a few well-defined steps. 
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The ‘aumber of steps is irregular, but is always less than that of 
the fibres whose contraction is recorded. 

A movement of the secondary coil of the inductorium through one 
millimetre often suffices to bring about a complete step, to which many 
subsequent similar increases of stimulus make no perceptible addition, 
until presently another step is reached. 

If any continuous gradation of the contraction of a single skeletal 
_ fibre can occur, it lies completely within a range of stimulus far smaller 
than that required to bring a whole muscle from rest to maximum 
activity. 

The discontinuous gradation of contraction must be brought about 
by either (1) a discontinuous increase in the contraction of each fibre, or 
(2) successive additions of fresh fibres to the number already in ‘action. 
The former view accords with no known behaviour of an excited cell. 
The latter brings the behaviour of the skeletal muscle-fibre into line 

with that of the ventricular. 
: If the latter interpretation of the experimental facts be correct, the 
_ gradation of contraction in a many-fibred muscle stimulated directly 
depends almost entirely on differences in excitability between the several 
fibres. 
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THE CONTRACTILE MECHANISM OF THE GALL- 
BLADDER AND ITS EXTRINSIC NERVOUS 
CONTROL’. By F. A. BAINBRIDGE anp H. H. DALE. 
(Eighteen Figures in Text.) 


(From the Physiological Laboratory, University College, London, and 
the Wellcome Physiological Research Laboratories, Herne Hill.) 


Introduction. The experiments here recorded were undertaken as a 
preliminary to a general consideration of the causes which lead to the 
pouring of bile into the duodenum at the stage of digestion when its 
presence is required. The investigation has proved more complicated 
than was anticipated ; and it seems better to communicate at once our 
observations on the contractile mechanism of the gall-bladder, reserving 
for future discussion experiments on the actual process of secretion. 
Methods. All the experiments were made on dogs, fully anzesthetised 


with the A. c. E. mixture, after a preliminary dose of 4—1 gr. of morphine. 


Direct observation of the contractions of the gall-bladder was found to 


be impossible, the movements being too slow to be accurately followed. 
Various methods of mechanical recording were, therefore, given a 


trial. To the obvious method of inserting a cannula into the common 
duct and connecting with a water-manometer there are two fatal 
objections : it is impossible to be certain that nerves coursing up the duct 
to the bladder are not injured; and the presence of valves in the common 
duct makes it impossible to refill the bladder when once it has emptied 
itself, so that a relaxation cannot be recorded. The record so obtained, 
in fact, is merely that of the maximum pressure exerted by the gall- 

bladder during the experiment. An attempt was made to avoid these 
difficulties by passing a small gum elastic catheter up the common duct 
into the gall-bladder: but, in this case, the viscosity of the bile and the 


necessarily narrow bore of the catheter formed a ae fatal to an 
accurate record. 


1 The expenses of this research were in part defrayed by grants from the Government 


Le eee and the Scientific Grants Committee of the British 
Medical Association. 
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The following method which we ultimately adopted, and found in 
most ways quite satisfactory, is that devised by Doyon', with modifica- 
tion in details. A thin balloon of india-rubber is tied over the end of a 
gum elastic catheter, about 1 inch of the catheter being inside the 
balloon. The catheter is connected by a length of small-bore india-rubber 
tubing with a wide glass reservoir half filled with water, and usually at 
a height of about 15 cm. above that of the gall-bladder. The upper end 
of this reservoir is connected by rubber-tubing with a small Hiirthle 
piston-recorder. The balloon is inserted in the deflated condition 
through a small cut made in the fundus of the gall-bladder, tied in, and 
then filled with warm water from the reservoir. | 

In our earlier experiments the abdominal wound was closed. Under 
such conditions several evident sources of error presented themselves. 
Variations of external pressure to which the gall-bladder yields passively 
are registered by the recorder and may be quite indistinguishable from 
the effects of active contraction of the muscular wall of the bladder 
itself. Such variations may be caused by :— 

(1) Varying contraction of the abdominal walls and diaphragm. 

(2) Activity of contiguous contractile viscera. | 

(3) Changes in volume and turgescence of the liver substance, with 
which the gall-bladder is pean | in contact over the greater wp of 
its surface. 

These difficulties were met as follows:— 

(1) The.animal was either fully curarised, or the chest was opened, 
tl#@ phrenic nerves cut and the diaphragm divided according to a method 
to be described later. The abdominal walls were widely opened by a 
crucial incision and the flaps held back by weighted hooks, the gall- 
bladder being protected from cold and evaporation by frequently renewed 
flannels soaked in warm saline, or by immersing the animal in a warm 
saline bath. If insufficient attention be given to this protection against — 
cooling it is very easy, when the sympathetic nerve-supply is stimulated, 
and especially when adrenalin is the mode of stimulation, to produce an 
effect of simple hyperemia of the gall-bladder muscle, which will be 
described later. 

(2) Care was taken to prevent contact with contractile viscera by 
drawing these aside with hooks and screening the gall-bladder with 
sponges and flannels, These measures, however, were merely precau- 
' tionary, since the danger of disturbance from this cause is but slight 


' Doyon, Archives de Physiol. xxv. p. 678. 1893. 
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when the abdominal walls are freely opened. We have, in fact, deliber- 
ately allowed contact between a vigorously contracting stomach and the 
gall-bladder, under such conditions, without being able to detect any 
indication of the contractions upon the gall-bladder record. 

(3) Upon the effect of changes in the volume of the liver we intend 
to lay some stress, as it has been completely left out of consideration in 
earlier investigations. We found it essential to eliminate this influence 
either by separating the gall-bladder from the liver, or by a dissection 
which gave the liver perfect freedom of expansion. 

_ Another precaution taken was the registration of the blood-pressure 
simultaneously with the contractions of the gall-bladder. This is 
omitted in the tracings ee there is special reason for giving it. 


I, SPONTANEOUS CONTRACTIONS. 


A record of the volume of the gall-bladder, obtained as above 
described, shows spontaneous variations, which occur rhythmically at the 
rate of 1 to 3 per minute (Fig. 1); though noticeable even at the 
beginning of an experiment, this rhythm is usually more obvious after 
section of the splanchnic nerves, and still more so after the injection of 


Fig. 2. 

Fig. 1. x}}. To show the intrinsic rhythm of the gall-bladder. The animal was under 
curare, the gall-bladder separated from the liver. Vagi and splanchnics cut. 

Fig. 2. x}. Curare. Vagi and left splanchnic cut. Pressure on balloon in gall-bladder 
raised to 50 cm. of water, the exaggerated rhythm resulting. Right splanchnic cut at — 
B, section causing momentary inhibition of rhythm. The small undulations in this 
and succeeding tracings were produced by the artificial respiration, 
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chrysotoxin. It is as well developed when the gall-bladder has been 
, Separated from the liver as when it is left in its natural relations, and it 
is clear that the undulations in question represent a genuine rhythmic 
contraction and relaxation of the gall-bladder muscle itself. On this 
point our experience is merely confirmatory of that of Doyon', who 
further detected a similar rhythmic activity in the gall: bindder even 

after its complete removal from the body. 
Occasionally, but not always, we found that raising the water 
reservoir, and thereby subjecting the gall-bladder to an excessive 
distending force, produced great exaggeration of this rhythm, so that the 
record gave the picture of a series of violent contractions alternating 
with deep relaxations (Fig. 2). Diminution of the pressure restored 
the normal slight rhythm. 


Il, SYMPATHETIC NERVOUS SUPPLY. 


Heidenhain? found that stimulation of the splanchnic nerves caused 
an initial increase in the flow of bile, followed by a diminution. He 
attributed the increase to contraction of the gall-bladder and bile 


Langley* found, on the other hand, that intravenous injection of 
supra-rena] extract caused an increased flow of bile, which was preceded 
by a brief phase of slowing if the gall-bladder was not excluded by a — 
clip. He suggested that the extract probably caused a relaxation of — 
the gall-bladder tone. 

The only direct observations made until recently, of the effect on 
the gall-bladder of stimulating the splanchnic nerves, are those of 
Doyon*. Using the balloon method of recording, with the apparatus 
arranged for recording changes of pressure rather than of capacity, he 
described a prolonged, slow contraction of the gall-bladder as the result 
of stimulating either splanchnic nerve. With adrenalin he subse- 
quently obtained a similar effect. 

A paper recently published by Freese® also gives an account of the 
nervous control of the gall-bladder. He appears to have confined his 
attention to the splanchnics, and obtained varying results—motor, 


1 Doyon, Arch, de Physiol. xxv. pp. 678, 710. 1893. 
_ * Heidenhain, Stud, d. Phys. Instit. zc. Breslau. Parts 1 and rv. p. 227. 1861—1868. : 

3 Langley. This Journal, xxvu. p. 237. 1901. 

* Doyon, loc. cit., and Arch. de Physiol. xxv1. p. 19. 1894. 

5 Freese, Bulletin, Johns Hopkins Hospital. June, 1905. 
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inhibitory, or polyphasic, with a preponderance of motor effects—very 
similar to those described below as obtained in our own earlier experi- 
ments. He concludes that the splanchnics contain both motor and 
inhibitory fibres for the gall-bladder, deciding that the motor effect is 
genuine on the ground that it can be obtained after bleeding the animal 
to death. 

Our own earlier experiments on the effect of stimulating the 
splanchnic nerves and of intravenous administration of adrenalin led to 
conflicting results. In some cases we obtained a result apparently 
identical with that of Doyon: in others we observed pure relaxation : 
in others again we found mixed effects, di- or even triphasic curves being 


Fig. 3. Fig. 4. 
Fig. 3, x44. Curare. Gall-bladder not separated from liver. Right splanchnic cut, the 
peripheral end being placed on Ludwig electrodes. Blood-pressure from carotid. 
At A stimulation of right splanchnic, coil at 3000 (Berne graduation). 
Fig. 4. x}. Curare. Gall-biadder not separated from liver. At N 4 .c. 1 in 50,000 
adrenalin chloride intravenously. Usual rise of blood-pressure. 


produced. Figs. 3 and 4 show the apparently motor response to 
sympathetic stimulation often obtained when the gall-bladder is left 
im situ. 

Thinking that this variety of result was due to the presence of at 
least two conflicting effects we attempted to determine which, if any, of 
these were due to extraneous causes, and which to intrinsic movements 
of the gall-bladder. We inserted between two adjacent lobes of the liver 
a balloon exactly similar to that in the gall-bladder and similarly con- 
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nected to a piston-recorder.. This led to the discovery that the effects 
of apparent contraction observed in our tracings, and described by Doyon 
as the true and sole effect of stimulation of the sympathetic nerve- 
supply, were all produced equally well in the record taken from the 
control balloon. Whether the splanchnic nerves were faradised or 
adrenalin given intravenously this “artificial gall-bladder” always 
' simulated contraction, even when the tracing from the gall- -bladder 
itself indicated pure relaxation. 

Jt was clear, therefore, that one of the effects complicating our 
records was the swelling of the liver which is caused by stimulation 
of the splanchnic nerves, and still more by the injection of adrenalin. 
The effect of stimulating the sympathetic nerve-supply was accordingly 
reinvestigated after removal of this complication as far as possible. 

This was effected successfully by two methods. The first was the 
simple separation of the gall-bladder from the liver, down to the 
commencement of the cystic duct. This is easily performed by snipping 
through the peritoneal investment, where it passes from the liver on to 
the gall-bladder,. inserting a finger’ into the opening thus made and 
gently tearing the gall-bladder away from its attachment. Although 
a small amount of liver substance always remains adherent to the 
gall-bladder, the bleeding is negligible. This method satisfactorily 
eliminates the effect of alteration in the liver volume, but irregular 
contractions of the diaphragm still complicate the tracing, and it is 
therefore necessary to give curare. 

The second method obviated the use of curare and the handling of 
the gall-bladder in separating it from its attachments. Its principle was 
to allow free expansion of the liver by destruction of the dome of dia- 
phragm normally enclosing it and resisting its outward enlargement. The 
chest was opened by longitudinal division of the sternum, the tendon 
of the diaphragm slit down to the vena cava, and the diaphragmatic 
muscle paralysed by section of the phrenic nerves. The chest was held 
open by weighted hooks so that the halves of the diaphragm gaped widely 
apart, the liver fell back into the cavity of the thorax, and the gall-bladder 
was brought uppermost. The liver was thus given perfect freedom of 

expansion, and its swelling merely raised the gall-bladder as a whole to 
a slight degree. 

By both these methods we obtained uniform results. Under normal 
conditions—that is, unless both the blood-pressure and the tone of the 
gall-bladder had fallen very low, as at the end of a long experiment— 
relaxation was the invariable result of faradising the right splanchnic 
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nerve or intravenous injection of adrenalin. Fig. 5 shows the effect 
of stimulating the right splanchnic after opening the chest wall and 
slitting the diaphragm. Stimulation of the left splanchnic under such 
- conditions, if it produces any effect at all on the gall-bladder, merely 
causes a small gradual increase in tone and rhythmic activity, such as 
accompanies a rise of general blood-pressure from any cause (Fig. 6). 
_In Figs. 7 and 8 is shown the effect of adrenalin with the chest wall and 
diaphragm intact, the difference produced by separating the gall-bladder 
from the liver being clearly exhibited. It will be seen that the 
relaxation, which in Fig. 7 appears as a mere preliminary dip in a curve 
giving the impression of a predominantly motor effect, is shown in Fig. 8 
to be the essential feature of the response to adrenalin. The pressure ex- 
erted on the gall-bladder by the swelling of the liver is further illustrated 
in both figures by the record obtained from the “ artificial gall-bladder,” 
which simulates a contraction. Another feature of Figs. 5 and 8 has yet 


Fig. 5. Fig. 6. 


Fig. 5. x it. Chest opened, diaphragm divided, phrenics cut. No curare. Right 
splanchnic dissected from the front, ligatured and cut above ligature. At B peripheral 
end of right splanchnic stimulated with coil at 10 cm. 7 


Fig. 6. x4. Conditions as in Fig. 5. Left splanchnic dissected from the front: at D 
__ the peripheral cut end of it stimulated with coil at 10 cm. The rise of b.-p. is accom- 
panied by increase in tone of gall-bladder. (The point of the piston-lever not being 
opposite that of the manometer float, there are two signal lines: the upper for the 
gall-bladder, the lower for the blood-pressure.) 
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to be discussed. In both it can be seen that the record of the gall-bladder 
response to sympathetic stimulation shows, apart from the false effect of 
extraneous pressure, a true rise of tone, succeeding the inhibitory fall, 
and persisting for some time. It is probable that the improvement 
of blood-supply, caused by the greater permanence of the general than of 
the local effect of the sympathetic stimulation, is mainly responsible 


Fig. 8. 


Fig. 7. 44. Curare. Gall-bladder not separated from liver. ‘ Artificial gall-bladder,” 
between lobes of liver. Vagi and splanchnics cut. At F 4 c.c. 1 in 30,000 adrenalin 
chloride intravenously. Usual rise of blood-pressure. Between X—X, the lever of 

_ recorder having reached its limit, air was let out of recorder. 


Fig. 8. x4}. From same experiment as Fig. 7, after separation of gall-bladder from liver. 
At K 6 c.c. of 1 in 30,000 adrenalin chloride intravenously. The usual rise of blood- 
pressure occurred. 


for this. In harmony with this view is the greater prominence of this 
after-tone with adrenalin than with stimulation of the right splanchnic. 
The hyperemia of the abdominal viscera, as the effect of an adrenalin 
injection wanes, is a well-known phenomenon. We have already men- 
tioned the fact that stimulation of the left splanchnic, which we hold to 
be without direct effect upon the gall-bladder, produces 4 rise of its 
muscular tone, which we regard as an effect of the kind under 
discussion, due to the rise of general blood-pressure. 

‘When the blood-pressure and the tone of the gall-bladder have both 
sunk to a low level, as at the end of a long experiment, we have several 
times observed a true increase of the tone of the gall-bladder in response 
to an injection of adrenalin. Fig. 9 shows such an effect. In this case 
the injection of adrenalin caused a permanent improvement in the 
blood-pressure, and to this we attribute at least the greater part of the 
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permanent improvement in the tone of the gall-bladder. A succeeding 

~ dose of adrenalin caused in this case a further rise of blood-pressure and 
a farther increase in the tone of the gall-bladder. On the other hand, 
under conditions which allow the sympathetic stimulation to occur 


Fig. 9. Fig. 10, 
Fig. 9. x}. Curare. Gall-bladder separated from liver. From the end of a long 
experiment. Blood-pressure had become very low (20 mm.); so had the tone of gall- 
bladder. At T 5 c.c. of 1 in 50,000 adrenalin intravenously. 


Fig. 10. x}. Chest opened, diaphragm divided, phrenics cut. No curare. Vagi and 
splanchnics cut. Blood-pressure from carotid. At H 1 ¢.c. 1 in 10,000 adrenalin 
intravenously. 

without a large simultaneous rise of blood-pressure, the gall-bladder 

responds by pure relaxation without any after-tone. For example, the 
effect of adrenalin on the blood-pressure is greatly reduced by leaving the 
vagi intact, or when, as is often the case, the heart is weakened by the 
exposure entailed in opening the chest. Under either of these conditions 
we have obtained pure relaxation of the gall-bladder in response to 
adrenalin, without after-tone (Fig. 10). Again, when, by the: admin- 
istration of chrysotoxin', the endings of motor sympathetic -fibres are 
Cf.Dale. Proc. Physiol. Soc. p. lviii. 1905. (This Journal, 
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paralysed, adrenalin produces practically no effect on the blood- -pressure. 
Under these conditions the inhibition of the gall-bladder is very = 
longed and quite uncomplicated by after-tone’ (Fig. 11). 


Fig. 11. ‘Big, 12. 


Fig. 11. x4}. From same experiment as Fig. 9, after intravenous injections of sodium 
chrysotoxin amounting to 0°2 gm. in all. 
intravenously. 

animal was moribund, and blood-pressure very low (20 mm.). At F peripheral end 

of rt. splanchnic stimulated with coil at 8em. Blood-pressure rose to 40 mm. 


When, however, due allowance has been made for the undoubtedly 
large part played by blood-pressure changes in producing these motor 
effects, and when, further, the simulation of motor effects by changes 
in liver-volume, which complicates the experiments of Doyon and of 
Freese, has been definitely excluded, there remains a small residuum 
of phenomena not satisfactorily accounted for. The difficulty, in fact, is 
not dissimilar to that met with by various observers in dealing with the 
effect. of stimulating the splanchnics on the movements of the small 
intestine’. 

When the tone of the gall-bladder and the blood-pressure have both 
become low we have occasionally provoked a decided contraction by 


1 Here, however, the possibility must not be neglected of an admixture of motor fibres 
in the sympathetic supply to the gall-bladder. Chrysotoxin would paralyse these. 

* Cf. Bunch. This Journal, xxu. p. 357, 1898, who gives the literature of the 
subject : also Bayliss and Starling. This Journal, xxrv. p. 99. 1899. 
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stimulating the right splanchnic nerve (Fig. 12). The possible effect of 
the rise of blood-pressure must be borne in mind, though in one such 
case exposure and cooling of the intestines had rendered this very small : 
but such a consideration will not account for the fact that stimulation 
of the left splanchnic, in the same experiment, while more effective on 
the blood-pressure, had no such effect on the gall-bladder. Again, it 
was stated by Freese that this motor effect was obtainable by stimu- 
lation of the splanchnics after bleeding the animal to death. The 
tracing he reproduces in illustration shows the effect of stimulating with 
the electrodes applied to the cystic duct; so that the contraction 
obtained might, with great probability, be attributed, as we shall show, — 
to stimulation of fibres from the vagi. We have, however, repeated the 
experiment, and confirmed the result, stimulating the splanchnics them- 
selves: but we must add that, in our experience, the right splanchnic — 
alone gives the result. Direct application of adrenalin to the gall-bladder, 
which, under normal conditions of tone, causes inhibition, has sometimes 
a very marked motor effect after bleeding to death (Fig. 13). This con- 
traction was, in one experiment, of sufficient vigour for detection by the 


Fig. 13. x4. Effect of directly applying adrenalin to gall-bladder of an animal bled to — 
death. The solution used was 1 in 1000 pure adrenalin chloride, without preservative. 


naked eye, and had the appearance of being limited to about one-fifth of 
the gall-bladder ; the part affected being that adjoining the cystic duct. 
To this point we hope to give further investigation; and it will suffice now 
to point out that the conditions under which the result is obtained— 
complete anzmia, leading to intense inhibition of the fundus of the gall- 
bladder—are just those which would enable a localised motor effect to 
be recorded by the balloon or similar mechanical contrivance for regis- 
tration, Whether the distribution be thus localised or not, we cannot 
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doubt that there is some admixture of motor fibres in the sympathetic 
_ merve-supply to the gall-bladder. This, however, requires special 
conditions for its detection, and when the tone is maintained by an un- 
impaired circulation we find that inhibition is the invariable effect of 
exciting the sympathetic nerve-supply, and are disposed to attribute 
most of the motor effects described by previous observers to extraneous — 
pressure. We find, further, that the sympathetic fibres to the gall- 
bladder run in the right splanchnic nerve only. | 


IU. EFFECT OF THE VAGL. 


Doyon! regarded the vagus as carrying only afferent impulses from 

_ the gall-bladder. On stimulating the central end of either vagus he 
observed inhibition of the gall-bladder tone. Presumably both the 

splanchnies were left intact. He obtained a similar result by stimu- 

lating the central end of either splanchnic when the other was intact. 

Courtade and Guyon’, accepting Doyon’s account of the motor 
function of the splanchnics, examined the vagi for efferent fibres to the 
gall-bladder. Stimulating these nerves in the thorax they observed a 
motor response from the gall-bladder. They state that these motor 
fibres run in the gastric branches of the vagus, and claim to have traced 
them along the lesser curvature of the stomach to the cystic duct. 

Our own experiments have been few in number, and have been 
confined to the confirmation of the motor effect of the vagus, without 
tracing the course of the fibres beyond the thorax. The effect is, in our 
experience, quite a small one and by no means easy to demonstrate. 
Stimulating the vagi peripherally in the neck, after a dose of atropine 
sufficient to abolish cardiac inhibition, we only once succeeded in pro- 
ducing an effect on the gall-bladder, and that merely a slight, though 
distinct and regularly produced augmentation of existent rhythmic 
contractions. Stimulation of the vagi intra-thoracically, even after | 
section of the splanchnic nerves on both sides, gave no clear and unmis- 
takable result unless chrysotoxin had been previously administered. It 
has been shown, in other connexions, that this drug, while not affecting 
_ sympathetic inhibitory nerve-endings to such an extent as to abolish 
the effect of adrenalin or of electrical stimulation, so far alters them as 
to block the normal tonic inhibitory impulses from the central nervous 
system or the ganglionic plexus, allowing oe of the cranial 


1 Doyon. loc. cit. 
2 Courtade andGuyon. C. R. Soc. de Biol. LVI. pp. 313 and 874, 1904: 
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autonomic supply to produce its full effect. The intestine, for example, 
after a large dose of chrysotoxin, responds more vigorously to stimulation 
of the vagus than it does after section of the splanchnic nerves only. 
We have found the same effect in the case of the gall-bladder. After a 
large dose of chrysotoxin (0°2 gram or more for 4 medium-sized dog), 


Fig. 14. x4. From same experiment as Figs. 10 and 11. After 0°2 gm. chrysotoxin. 
At T and U peripheral end of left vagus stimulated in the thorax with coil at 6 and 5 
cm. Blood-pressure unaffected. 


Fig. 15. Fig. 16. 


Fig. 15. x}. Conditions as in Fig. 14. At C and D the left vagus stimulated peri- 
pherally in the thorax, coil at 4m. Blood-pressure unaffected. 

Fig. 16, x}. Conditions as in Figs, 14 and 15, with less sensitive recorder. 0-2 gm. 
chrysotoxin given. At X1c.c. 1 in 10,000 adrenalin intravenously. At Y left vagus 


stimulated peripherally in the thorax: coil at 38cm. The effects of sympathetic and 
vagus stimulation are contrasted. 


stimulation of either vagus nerve in the thorax always causes a distinct 
augmentor effect on the gall-bladder, in which either increase of tone or 
exaggeration of rhythm may be the predominant feature, whilst in other 
cases, again, both taay be simultaneously affected. In our experiments 
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the left vagus has always _— a more marked effect than the - 
(Figs. 14, 15, 16.) 


IV. EFFECT OF VARIATION IN THE BLOOD-SUPPLY. 


- The stimulant effect on the gall-bladder muscle of hypersmia has 
already been described in analysing the effects of injecting adrenalin 
into the circulation. As might be expected, the opposite holds good ; 
anzemia produced by occlusion of the -thoracic aorta causing a very 
marked inhibition, which affects the tone rather than the rhythmic 
activity of the muscle, The genuine nature of the effect is proved by 
obtaining it after separation of the gall-bladder from the liver (Fig. 15). 
The effect of anemia corresponds therefore, in this as in other cases, to 


Fig. 17. x4. COurare. Gall-bladder separated from liver. Chest opened and loop put 
round thoracic aorta. Blood-pressure from carotid. At P thoracic aorta occluded. . 
At X lever of recorder reached its lower limit. 


that of stimulating the sympathetic nerve-supply’. But here, as 
elsewhere, the inhibitory effect of sympathetic stimulation is shown to 
be independent of the associated local anwmia by the fact that it is 
easily obtained when vaso-constriction has been excluded by the action 
of chrysotoxin. 


1 Cf, Elliott, This Journal, xxxt. p. 164, 1904. 
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Vv. THE ACTION OF CERTAIN DRUGS. 


Nicotine. The effect of intravenous injection of 2—4 mgms. of nicotine 
is indistinguishable from that of adrenalin, the stimulant effect on 
sympathetic ganglion cells entirely overpowering the concomitant excita- 
- tion of ganglion cells on the course of the vagus fibres which must be 
supposed to take place. 
Bile-salt, The muscle of ‘the gall-bladder is affected like all other 
plain muscle by intravenous injection of bile-salt, its activity being 
depressed, and relaxation being the result. 5 
Pilocarpine. When the gall-bladder is left in its natural relation to 
the liver pilocarpine causes an apparent increase of tone when injected 
intravenously, We have not been able to produce this effect under 
conditions giving an uncomplicated record, or by direct application of 
the drug to the gall-bladder. The apparent rise-of tone was therefore 
due to the swelling of the liver. 
Atropine. With all precautions to exclude extraneous effect, and 
whether the vagi are left intact or cut previously, atropine (5 mgms. 
intravenously) causes a rapid fall of tone which is only gradually regained 


Secs 


Fig. 18. x4. Ourare. Gall-bladder separated from liver. Blood-pressure from carotid. 
_ At 4 5 mgm. atropine sulphate intravenously. | 


(Fig. 18). When atropine has thus been given, stimulation of either 

vagus produces no effect even when chrysotoxin has been given as well. 

The endings of the vagus in the gall-bladder would appear, therefore, to 
4 be more sensitive to atropine than those in the small intestine. 
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Amyl nitrite causes relaxation of the gall-bladder as of other plain 
muscular structures. 

Peptone. Ellinger' states that intravenous injection of peptone 
causes contraction of the gall-bladder. We have found that the apparent 
contraction does, indeed, occur when the gall-bladder and liver are left 
in their natural relations. When arrangements are made to eliminate 
the effect of swelling of the liver the apparent contraction completely 
disappears, so that there can be no doubt that the increase of liver volume 
caused by injection of peptone entirely accounts for the phenomenon. 


VL THE QUESTION OF REFLEX ACTION THROUGH THE 
CENTRAL NERVOUS SYSTEM. ae 


Heidenhain? attributed the first gush of bile, which he observed at 
a certain interval after a meal, to the passage of acid chyme over the 
biliary papilla causing a reflex stimulation of the gall-bladder. 

Bruno’, with a Pawlow fistula, did not observe this preliminary gush : 
but it is evident that his experiment does not invalidate the conclusion 
of Heidenhain, since the ight of operation —— contact of chyme 
with the papilla, 

The discovery of secretin and its effect on secretion of bile suggested 
another possible explanation of the effect described by.Heidenhain. 
The first effect of a rapid secretion of bile might cause a distension of 
the gall-bladder, which, upon the analogy of the intestine, might react 
by a sudden contraction. We have attempted to produce such an effect 
by sudden distension of the balloon in the gall-bladder with water. me 
observed no trace whatever of such a contractile reaction. 

On the other hand we do not find, under the conditions of our experi- 
ments, any reflex effect on the gall-bladder contractions when acid (0°4°/, 
HCl) is injected into the duodenum or applied directly to the papilla, 
or when the papilla i is electrically stimulated. It is impossible, however, 
to attach much significance to the failure to elicit such a reflex in an 
anesthetised animal. Further, it is not improbable that a reaction to 
distension exists, which, like that of the urinary bladder, is dependent 
on a reflex through the central nervous system and abolished by anzs- 
- thetics. Our experiments, therefore, do not give any definite information 


1 Ellinger. ‘Hofmeister’s Beitrig. chem. Phys. u. Path. 1902. 
2 Heidenhain. loc. cit. . | 
3 Bruno. St. Petersburg Arch. des Soc. Biol. p. 87. 1899. 


NG 
4 
R 
> 


154 F. A, BAINBRIDGE AND H. H. DALE. 


as to the method whereby the entry of gastric contents into the duodenum 
causes contraction of the gall-bladder—if it do so indeed. To settle this 


"question would probably necessitate experiments on an animal with a 


— fistula of the gall-bladder. 


SUMMARY AND CONCLUSIONS. 

1, The gall-bladder shows rhythmic variation in volume : the rhythm 
is increased in extent after the removal of tonic inhibitory impulses 
either by section of the splanchnic nerves, or the intravenous injection 
of chrysotoxin. Spontaneous contractions of the gall-bladder had been 
previously observed by Doyon. 

2. The normal effect of stimulation of the sympathetic nerve-supply 
to the muscular coat of the gall-bladder, whether by electrical excitation 
of the right splanchnic nerve or by intravenous injection of adrenalin, is 
relaxation. 

The apparently motor effects first described by Doyon are in all 
probability due to extraneous causes, namely, the mechanical pressure . 
on the gall-bladder caused by swelling of the liver, _ the increased 
tone of the muscle due to hyperemia. 

We find, however, that the right splanchnic contains an admixture 
of motor fibres, the presence of which can be detected when the tone 
of the gall-bladder is lowered by enfeeblement or stoppage of the 
circulation. 

3. We have confirmed the observations of Courtade and Guyon 
that the vagus contains motor fibres for the gall-bladder. Definite motor 
effects are obtained most. readily by stimulating the vagus in the thorax 
after the administration of chrysotoxin. Both the tone and the rhythm 
of the muscular coat are augmented, though not necessarily to the same 


degree. The left vagus is the more effective of the two. The effect is 


abolished by atropine. Stimulation of the central end of the vagi has 
no influence on the gall-bladder. 


4. We found it impossible under the conditions of our experiments 
to elicit a reflex contraction of the gall-bladder either by applying acid 
or the products of gastric digestion to the duodenal mucous membrane 
or the biliary papilla, or by electrical excitation of the papilla, or by 
rapid distension of the gall-bladder. We draw no conclusion, however, 


with regard to the existence of such reflexes in the unanseethetised 
animal. 
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5. Bile-salt and amyl nitrite injected intravenously cause relaxation 
of the muscular wall of the gall-bladder; a similar effect is produced 
by atropine. 

Pilocarpine and peptone cause an apparent contraction of the gall- 
bladder, but this is solely due to the mechanical effect of swelling of the - 
liver. Neither of these drugs appears to have any effect on the gall- 
bladder itself. 

6. Ansmia, caused by compression of the thoracic aorta, — 
a rapid fall in the tone of the muscle of the gall-bladder. 


f 
i 
+ 
Md 
~ 
. 
i 
~ 
= 
‘ 


THE PARALYSIS OF INVOLUNTARY MUSCLE. Part II. 
On paralysis of the sphincter of the pupil with special 
reference to paradoxical constriction and the functions of 
‘the ciliary ganglion. By H. K. ANDERSON, — — 


Figures in the Text.) 
(From the Physiological Laboratory, Cambridge.) 
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Paradoxical pupil-constriction after excision of a ciliary — 
Local paradoxical constriction of the pupil . . 
Causes of paradoxical pupil-constriction 
Paradoxical pupil-constriction after section of an 


Introduction, After excision of a superior cervical ganglion or section 


‘Of a cervical sympathetic nerve the paralysed pupil under certain con- 


ditions becomes larger than the control. This paradoxical effect has been 
called paradoxical pupil-dilatation’. Similarly after. excision of a 
ciliary ganglion or section of an oculomotor nerve the paralysed pupil 
sometimes becomes the smaller of the two pupils. This corresponding 
effect I shall call paradoxical pupil-constriction. 

In a previous paper* I have confirmed the truth of Lewan- 
dowsky's* view that paradoxical dilatation depends primarily upon 
an increased excitability of the paralysed muscle, and in the present 


series of observations I shall show that paradoxical constriction is 
similarly caused‘. 2 


} Langendorff. Klin. Monatsch. f. Augent. xxvut. p. 183. 1900. 
* Anderson. This Journal, xxx. p. 290. 1908. 
* Lewandowsky. Sits. d, k. preuss. Akad. d. Wiss. zu Berlin, 1900, p- 1136. 


* Cf. also preliminary communication, Proc. Phys. Soc. May, 1902. This Journal, 
XXVIII. p. Xv. 
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Anatomical relations of the ciliary ganglion in the cat. The short 
ciliary nerves in the cat may be divided for convenience into the malar 
and nasal branches. The former pass upwards on the outer side of the 
optic nerve, and when stimulated cause contraction of the malar portion 
of the sphincter: the latter pass inwards under this nerve and cause 
contraction of the nasal portion. Both nasal and malar branches are 
joined between the ganglion and the eyeball by long ciliary nerves. 
The chief ciliary ganglion is sessile on the oculomotor branch to the 
inferior oblique muscle, but accessory ganglia are found on the ciliary 
branches, and chiefly where long and short ciliary nerves join. Jegorow’, 
who has given an admirable account of the anatomy of the ciliary 
ganglion and its branches in several species of animals, was unable to 
find in the cat any long ciliary branch joining the ganglion directly, but 
he traced some long ciliary fibres backwards to the ganglion by way of a 
short ciliary branch ‘and thought these fibres ended among the cells of 
the ganglion. He therefore regarded them as its long root. I have 
confirmed the presence of such fibres myself by dissection, and 10 days 
or more after the removal of a ciliary ganglion I have traced sound 
medullated’ fibres passing backwards from a long ciliary nerve to 
the cut end of the malar short ciliary branches. In one experiment there 
were 30 sound fibres (exp. 1), in another 12. But Ido not think they 
end in the ganglion. They probably pass through it, and may have 
supplied the six sound fibres I found in the oculomotor branch to the 
inferior rectus muscle after degeneration of all the fibres in the oculo- 
motor trunk. 

Jegorow failed to detect any branch from the sympathetic to the 
oikiins ganglion in cats and I have failed to find any myself, but it is 
impossible to decide even by microscopical examination whether non- 
medullated fibres pass through this ganglion by an indirect course, eg. 
whether any pass backwards through the malar short ciliary branches to 
the ganglion and thence to the nasal ciliary branches. But the passage 
of pupil-dilatator fibres through the ciliary ganglion was not supported 
by the following observations. (1) After section of all the long ciliary 
nerves no dilatation of the pupil was detected on stimulating the cervi- 
cal sympathetic, a result previously obtained in the dog by Jegorow’. 
No dilatator fibres passed, therefore, directly through the ganglion. 
(2) Stimulation of the central end of the cut malar ciliary branches near 
the — caused no dilatation of the nasal portion of the pupil, and 


1 Jegorow. Archiv Slav. de Biol. ut. p. 64, 1887. 
2 Jegorow. Archiv f. (Anat. und) Physiol. 1886, p. 173. 
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reversely, stimulation of the central end of the nasal branches caused 
no dilatation of the malar portion. There was no evidence, therefore, of 
the indirect passage of fibres through the ganglion suggested above. 
(3) The removal of the ciliary ganglion (after section of the oculomotor 
nerve) did not diminish the degree of dilatation observed on minimal 
stimulation of the sympathetic, nor its extent when dilatation had been 


limited to the nasal side by section of the malar branches close to the — 


eyeball. There was no evidence, therefore, that any dilatator fibres 
looped back through the ciliary ganglion, and then issued again by the 


same short ciliary branch. From these observations I conclude that 


the dilatator tract is not injured by the removal of a ciliary ganglion or 
section of the short ciliary branches near their origin. In these experi- 
ments eserine was applied to the eyes first if the pupil-constrictor tract 
was to be divided. By this method it is much easier to detect slight 
dilatation of the pupil than when the pupil is already widely dilated. 

Previous observations concerning the paralysed sphincter. Jegorow' 
in 1887 removed the ciliary ganglion in two dogs and soon after the 
operation observed immobility and maximal dilatation of the pupil. 
In the first experiment he noticed a slight constriction of the pupil on 
the 6th day, but the light-reflex returned on the 16th. In the second 
experiment, the light-reflex had not returned on the 40th day when 
the dog was killed, and no evidence of regeneration was found, yet the 
pupil was constricted on the 6th day, dilated on the 8th, strongly con- 
stricted on the 12th, much dilated on the 14th, somewhat constricted on 
_ the 18th, and moderately constricted subsequently. But the cornea was 
perforated on the 16th day, and adhesions were formed between it and the 
iris, In another experiment? Jegorow noticed a temporary constriction 
of the pupil on the 8th and 10th days, after section of the oculomotor 
nerve in the orbit centrally of the ganglion though the nerve seemed 
not to have reunited with the ganglion even on the 36th day. But 
Braunstein® says there was scarcely any change in the pupil of a rabbit 
even a year after section of an oculomotor nerve within the skull, and 
records no change in the dilated pupil of the cat after similar section of 
this nerve for shorter periods. 

Experimental methods. All the openiticind involved in my experi- 
ments were performed under anesthesia with strict antiseptic precautions. 


1 Jegorow. Archiv Slav. de Biol. m1. p. 325. 1887. 
Jegorow. Ibidem, p. 335. 


* Braunstein. Zur Lehre v. Innerv. d. 1894, pp. 
126 and 91. 
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First the eyelids were closed. A Y-shaped incision was then made 
through the skin and fascia, beginning in front of the auditory meatus 
and branching above and below the orbit. A portion of the zygoma 
and external wall of the orbit was removed and the temporal muscle 
retracted. After hemorrhage had been stopped the periosteal sheath of 
the orbit was opened, its edges held apart by weighted hooks, and the 
_ external rectus muscle drawn upwards by a retractor, which was used - 
at the same time to protrude the eyeball slightly. No ocular muscle 
was cut. The ciliary ganglion was found by tracing the nerves to the 
_ inferior oblique muscle centrally. This nerve is easily found where it 
lies on the inferior rectus. The same operation was used for the section 
of the short ciliary branches or for the division of the oculomotor nerve. 
My method of operating is, therefore, practically the same as that used 
by Jegorow’. 

To decide whether there was tone in the paralysed sphincter I have 
examined the eyes.in the dimmest light sufficient for the observation of 
the pupils. In this way the paralysed sphincter is compared with a 
much relaxed sphincter on the control side. 


PARADOXICAL PUPIL-CONSTRICTION AFTER EXCISION 
OF A CILIARY GANGLION. 


_ Under normal conditions the pupil is widely dilated after the excision 
of a@ ciliary ganglion and larger than the control, even in dim light. 
But if a cat is killed a few days after this operation the paralysed pupil 
contracts-and becomes smaller than the control. For example, in exp. 1, 
10 days after the removal of the left ciliary ganglion the cat was again 
angsthetised and then bled to death as soon as the eyes had been photo- 
graphed. The period of anesthesia was very short and all further 
operative procedure was carefully avoided; yet soon after death the 
paralysed pupil began to contract and to become smaller than the control — 
which had dilated widely, Fig.1 b.. This paradoxical effect at first was 
slight, but gradually increased, till 20 hours after death the paralysed 
pupil was very small, Fig. 1 d, though the control was still very large. 
At this time the difference between the pupils was almost exactly the 
reverse of that seen when the eyes were examined i in bright light before 
sane cat was bled, Fig. 1 a. 


Jegorow. Archiv Slav. de Biot. p. 82 1887. 
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Exp. 1. Cat. Left ciliary ganglion excised. 
maximal. 
10th day. Left pupil still nearly maximal. No light- velox. Ether given. When the 

cat was fully anmsthetised the eyes were photographed, Fig. 1a. The cat was then 
bled to death. 10 minutes later the eyes were photographed again, Fig. 16. The 
left pupil was now appreciably smaller than it had been before the cat was bled. 
3 hours later the left pupil was slightly smaller than before, but the right was still 
maximal, Fig. 1c. Next morning the left pupil was almost a slit, but the right was 
not much smaller, Fig. 1 d. 

There were no degenerating fibres in the long ciliary nerves, but the fibres of the short 
ciliary branches were all degenerated except 30 medullated fibres. These were traced 
from a long ciliary nerve to the cut end of the malar ciliary branches. There were no 
: degenerating fibres in the third, fourth, fifth, or sixth nerves. 


Fig. 1. 


A similar paradoxical. effect was seen after dyspnea. For example, 
in exp. 2 I removed the left ciliary ganglion and then 19 days later in 
the final stage of the experiment I cut the right short ciliary branches 
close to the ganglion and also both cervical sympathetic nerves. Before 


this second operation the left pupil had been widely dilated and larger 


_-than the right, even in very dim light, but after it both pupils were 
equal. About half-an-hour later, however, the left pupil had contracted 
and was smaller than the right. But the difference between the pupils 
was very slight, the left being 10 mm. wide and the right 11 mm. 
During the next hour, in which the cat was (under anzsthetics) rendered 
dyspnoeic several times, for a minute or more each time, the left pupil 
decreased from 10.mm. to 25 mm. But the right pupil remained 


11 mm. wide except when dyspnoea caused convulsions and then both 


pupils dilated momentarily. Dyspnea. had, therefore, excited contraction 


in the sphincter after degenerative section of the nerves but not after 


simple section. The gradual change in the relative difference between 
the pupils will be readily seen on comparing Fig, 2 a with 7" 2b, c, d. 


~ 


> 
\ 
Sp 
t 
33 
wal 
2 
(Se 
- 
£ aa 
% 
% 
5 
oa 
pot 
os 
4 
= 
4 
a 
i 
| 
| 
| 
| 
| 


SPHINCTER PUPILLZ AND CILIARY GANGLION. 161 


Bwil'be rioticed that atropine did not relax the sphineter at the end of 
the experiment. But this fact will be discussed in a later paper. 


‘Exp. 2. Adult cat. Left ciliary ganglion excised. Taft ppl fer operation maxis, 
but next day visible rim-of iris about 1 mm. wide. 
y 19th day. No change in the left pupil, no light-reflex. 
T 11,25. Chloroform, tracheotomy, then equal parts of ether and chloroform. Both 
gervical sympathetic nerves cut in the neck. 
‘: 11.35. Right short ciliary nerves cut close to the ganglion. . 
, 11.47. Pupils now equal. Rim of iris about 2 mm. wide on each side. 
12.23. Left pupil slightly smaller, 10 mm. wide ; right, 11 mm., Fig, 2 a. 
12.25. Air tube closed for 1 min. 
12.27. Left pupil, 9 mm.; right, 11 mm. 
12.28. Air tube closed for ¥ min. 
12.30. Left pupil, 8°5 mm.; right, 11 mm. 
12.40, foe 1 min, cach ‘ime. Left pupil, 7 mm.; right, 
oe 11 mm., Fig. 2 b. 
After three more periods of dyspnea, 4 mm.; 
right, 11 mm. | 
1.8. ‘At the end of another period of dyspnoee, lasting 90 seos., left pupil, 7:5 mm. ; 
right, 12 mm. 
1.10. Left pupil, 4 mm.; right, 11 mm., Fig. 2 ¢. 
1,80. Left pupil, 
1.55, Pupils unchanged. into en 
1,57. -No change in pupils. 
2.5. No change, Fig. 2 d. 
2.6. lactic acid injected. Lat pupil bsame ait mot the 
Hight contracted to medium size. 


Fig. 2. 
| But dyspnea did not always cause paradoxical constriction so’ ‘sailby 


asin’ exp. 2 (cf. exp. 4), nor have I ever seen such constriction after 
merely pressing on’ the trachea for a short time. Even in a young 
kitten this did excite a senensansiin effect after removal of a ciliary 
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ganglion, though paradoxical dilatation is most readily evoked in this 
way in young kittens. 
Paradoxical constriction occurs, therefore, after excision of a ciliary 
ganglion under conditions corresponding in many ways with those 
which excite paradoxical dilatation. But the onset of the paradoxical 
effect. differs in the two cases. Paradoxical dilatation is evoked more 
readily by dyspnea, and is always very pronounced soon after death, 
whereas paradoxical constriction (in the absence of previous dyspnoa) 

_ is generally very slight soon after death, but becomes more pronounced 
some hours afterwards. These differences to some extent, however, 
may be more apparent than real because the conditions which excite 
paradoxical effects are favourable to dilatation, even in the normal eye. 

Paradoxical constriction was also seen in a cat which died from 
disease 70 days after the removal of a ciliary ganglion. This effect 
occurs, therefore, independently of previous anesthesia. In exp. 2 also 
the paradoxical constriction was very slight, even an hour after 
anesthesia had been established, though readily increased by dyspneea 
afterwards. But deep and prolonged anwsthesia may excite paradoxical 
constriction by causing dyspnoea (cf. exp. 6). | 

In the cat mentioned above regeneration had begun between the 
oculomotor nerve and the accessory ganglia before the 70th day, but this 
did not prevent the onset of a paradoxical effect in this cat or in another 
in which the short ciliary nerves had partially regenerated 66 days after 
their division. 

In exp. 3 also paradoxical constriction was seen after dypsneea and 
death on the 82nd day after removal of the left ciliary ganglion, but in 
_ this case the paradoxical difference between the pupils was reversed on 
the following morning and during 24 hours afterwards. 

Exp. 8. Oat. Left ciliary and accessory ciliary ganglia excised and both superior 


———<— of the long ciliary sympathetic fibres on 


82nd day. Left pupil almost maximal since the operation. No light-reflex. 
11,15. Ether, 
11,27, Left pupil very large, but distinctly smaller than right, which is maximal, 


1.12. Left pupil slightly smaller than right, but both very large. Oat bled. 
1.25. Both pupils maximal. 


2.5. Left pupil again distinctly smaller than right, but both 
5.5. Both pupils slightly smaller. 


relation between the pupils continued till the following morning. oho 


_A reversal of the paradoxical effect was also seen in exp. 4, but in 
this case the reversal was only temporary. 
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89th day. Left pupil almost maximal. No light-reflex. Both sympathetic nerves cut. 
‘ 45th day. Left pupil slightly smaller since the section of the sympathetics, but 
no paradoxical effect even in dim light. 


12.15. Ether, then ether and chloroform. 

1.7. ven ables repentell of the ait tube for minute or more the left pupil bas 
not become appreciably smaller. Also no change in the left pupil after 
clamping the left carotid for 8 mins. Under very deep anwsthesia the right 
pupil dilates till it becomes larger than the left. 

8.45. The right ciliary ganglion has been removed. The left pupil has gradually 
become smaller during the past two hours, but the right is maximal. The left 

| pupil is therefore now the smaller. 

8.55. Cat bled. 

5.0. Left pupil distinctly smaller than the right, which is maximal. 


46th day. 11.0. Left pupil now larger than the right, but both are smaller than on 
the previous day. 
8.0. Left pupil again smaller than the right, which has dilated considerably since the 
morning, though the left has searcely dilated at all. 


It is interesting to notice that the sympathetic tracts had been cut 
in both these experiments in which a subsequent reversal of the para- 
doxical effect occurred, but my experiments do not suffice to show 
_ whether this further lesion was the cause of the — reversal of 
the ics effect in exps. 3 and 4, 


LOCAL PARADOXICAL CONSTRICTION OF THE PUPIL. 


_ In exp. 5 only the malar portion of the sphincter was paralysed, the 
malar short ciliary branches being cut close to the ganglion before they 
had united with the long ciliary nerves. After the operation the nasal 
side of the pupil was almost straight in bright light but the malar side 
was dilated, Fig. 4, and this condition of the pupil continued till the cat. 
was apssthetised and the left oculomotor cut on the 17th day afterwards. 
The malar (paralysed) side of the pupil then became slightly straighter 
than the nasal, Fig. 4b, and after the cat had been rendered dyspneic 
this change in the shape of the pupil became more pronounced, Fig. 4c. 
Finally the malar side became almost straight, though the nasal side 
was still much dilated, Fig. 4d. After repeated dyspnea, therefore, the 
shape of the pupil was almost exactly the reverse of the shape before 
the final experiment. Moreover, the puckering and lines of traction on 
the surface of the iris showed clearly that the paralysed portion of the 
sphincter was actively contracted, after the dyspnea, Fig. 8. But the 
surface of the iris was almost smooth on the nasal side. In this 
11—2 


Bos 
ex 
rs 
a 
Exp. 4.. Cat. Left excised. ; 
Se 
“gs 
Dh 
ag 
& 
38 
vf 
& 
on 
& 
44 
at 
4 


experiment the paradoxical constriction could not be attributed to a 
damaged blood supply because the constriction should have been more 
general if this had been the case. — Pore 


- 


2 


~ 


8 
e 


I stimulated the sympathetic several times in this experiment for : 


a minute or more to see whether this would inhibit the paradoxical 
tone in the paralysed portion of the sphincter and thereby remove the 2 
irregularity of the pupil. But even during the stimulation the rim of 
iris was broader on the paralysed side than elsewhere, and after the : 
stimulation had ceased the paralysed side of the pupil became straight a 
again very quickly. These observations did not, it is true, exclude the 3 
possibility of slight inhibition of both the paralysed and normal portions a 
of the sphincter but-they certainly did not suggest effective inhibition of & 
the paralysed portion. , 


Expr. 5. Oat. Malar short ciliary branches cut close to the ciliary ganglion on 


a b d 


_ ‘1th day, ‘The malar side of the pupil bas been much dilated sinee the operation, 
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8.15. Chloroform, then equal parts of ether and chloroform. 
8.45. Both sympathetics cut, also left oculomotor nerve within the skull. i BS 
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4.0. 
4,10. 
4,18, 
4.16, 
4,22, 


4.45. 


Left pupil now as in Fig. 4 b. 

Air tube closed. Malar sie of pil becomes stright than before, 

Air tube closed again. 

Malar side of pupil now almost straight; nasal side dilated, Fig. 4c. 

Left sympathetic stimulated for 1 min. The left pupil dilates, but the irregu- 
larity of the pupil remains; the rim of iris is 3-5 mm. on the malar side and 
only 2.mm. on the nasal. After the stimulation the malar side of the pupil 
es This observation was repeated many 


_ Similar results were also obtained in exp. 6 in which both the long | 
and short ciliary branches were cut on the malar side. 


Exp. 6. Cat. Long and short malar ciliary branches cut on left side. 
14th day. Since the operation the pupil has been much dilated on the malar side, 
Fig. 5 a, but the nasal side has been almost straight in bright light. 


11,12, 
11.45, 
12,22. 


1,25. 


1.80. 


Chloroform, then ether and chloroform. 

Cat deeply under anesthesia. Malar side of pupil is now straighter, Fig. 5 b. 

When the anesthetic is given in excess slight corrugations appear over the 
paralysed portion of the sphincter, and the rim of iris on this side becomes 
slightly wider at the same time as the rim elsewhere becomes narrower. But 
it was necessary almost to kill the cat with anmsthetics before this result was 
obtained. Similar results were obtained when the cat was rendered dyspneic, 
or made to breathe air mixed with CO,. 


Both sympathetics cut and stimulated. The left pupil dilates little if at all in the 


_ region of the paralysis. 
Cat bled to death. 


. Rim of iris wider on malar side than elsewhere, Fig. 5c. Control pupil maxim- 


_ two points. 


Malar,side of pupil much the straighter. 


“Malar side of pupil now almost straight, Fig. 5 d. Surface of iris wrinkled over 


paralysed portion of sphincter, especially at the same two points. clues 
here protrudes into the pupil. 
Both pupils smaller, but shape and relative size of the pupil unchanged. 
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166. | H. K. ANDERSON. 
15th day. Left pupil as in Fig. 5 e. Considerable constriction of the whole paralysed 
pupil as well as local constriction. ae Ris 


“16th day. Left pupil as in Fig. 5 f. 


THE CAUSES OF PARADOXICAL PUPIL-CONSTRICTION. 


The dilatator tract was not injured, so far as I could detect, by the 
removal of the ciliary ganglion; and even if it had been, this lesion 
under the conditions of the experiments would have caused paradoxical 
dilatation and not paradoxical constriction. Moreover, exps. 5 and 6 
showed that the paralysed portion of the dilatator without doubt 
contracted more strongly than the control portion both after dyspnma 
and after death. It remained, therefore, to account for paradoxical 
increase of contraction. This obviously did not depend directly upon 
nervous impulses, because it was generally greatest several hours after 
death. Again, experiments by many observers discussed elsewhere’ 
show that in the cat efferent fibres pass to the iris only by the 
oculomotor and sympathetic nerves. Yet section of the sympathetic 
did not evoke a paradoxical effect even when this nerve was cut 
several weeks after the removal of the ganglion (cf. exp. 4, also exps. 3 
and 6), and stimulation of the sympathetic did not inhibit the contracture 
of the paralysed portion of the sphincter in exp. 5.. The paradoxical 
increase of contraction did not depend, therefore, upon the loss of 
inhibitory impulses. It must therefore have been caused by a local 
stimulation of the sphincter and have been primarily due to an increase 
of excitability in this muscle after paralysis (cf. exp. 2). | 

My observations do not decide whether dyspnwa excites paradoxical 
constriction directly by the lack of oxygen or excess of carbonic acid, or 
indirectly by leading to the formation of some other substance, e.g. sarco- 
lactic acid, but exps. 2 and 4, taken together, point rather to the latter 
conclusion, and the following observations show that this paradoxical 
effect may occur even without previous dyspnoea. 

In all the previous experiments and in others like them the paralysed 
pupil was almost maximal after excision of a ciliary ganglion, but 
in two cats pronounced constriction was observed on the day after 


the excision. In the first of these (exp. 7) the paralysed pupil 28 hours 


after the operation was only half the full size (Fig. 6a). The cat was 
then ‘anesthetised again and both the oculomotor and sympathetic 
nerves cut. After this the paralysed pupil was a slit and the control 


? Anderson, ThisJournal, xxx. p. 22. 1904. 
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was maximal, Fig 6c. After death also the paradoxical effect was very 


8 hours after the operation, left pupil nearly maximal, $6 
after the operation, pupils in daylight as in Fig. 6a. There is a primary dilatation of the 
left pupil followed by oscillations of the edge of the iris when the eyelids are opened after 
they have been closed for a short time’. If the cat is restless during an observation the 
right pupil becomes momentarily larger than the left: it is also the larger pupil in very 

dim light. 28 hours after the operation, ether given. 

8.15. Light anmsthesia, right pupil much smaller than left. 

Deep anwsthesia, right pupil dilates till it is larger than the left. . 
Both cervical sympathetic nerves cut and stimulated. Left sympathetic nerve 
gives full and rapid dilatation of pupil. 

8.42. Lighter anmsthesia, lath; oven, dine Tight 
Deep anwsthesia, right pupil gradually becomes larger than left, Fig. 6 b. 
Lighter anmsthesia, pupils equal: on pinching skin the right pupil becomes much 
_ the larger: on stimulating end of int. saphenous nerve the right pupil becomes 

maximal, but left is not changed. The left, therefore, is smaller than the 
right. 

4.20. Right pupil now # full size, but left is now a slit. 

4.30. Both oculomotor nerves cut inside skull. 

4,35. Pupils now as in Fig. 6c. 

Left oculomotor stimulated, no change in pupil: 
constriction of pupil. 

4.50. to brain: change in pupils. 

5.0. Cat killed by pithing medulla. 


_ 6.0. Right pupil maximal, left a slit. 


8.0. The same. 
10.30. The same. 


Next morning. Right pupil widely dilated, left has dilated to about 2 mm. in width. 
Next day. Both pupils have dilated more, but the left is much the smaller. 


Fig. 6. 


_ In the second experiment the pupil contracted to a slit on the day 
after the removal of the left ciliary and superior cervical ganglia, but 
gradually dilated, till it was almost maximal again on the 10th day. 
It then did not change for 3 months afterwards. No such constriction 


1 This dilatation of the pupil, as I have shown, is caused not by the readmission of 
light but by touching the eyelids. Cf. this Journal, xxx. p. 18. 1903. 
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: occurred i in eight other cats from which the superior cervical ganglion was 
removed either at the same time as the ciliary ganglion or afterwards, 
and at first I attributed this abnormal onset of constriction to a direct 
injury of the eye or its vessels, But in a later experiment this explanation 
could not be upheld, In this cat the left ciliary ganglia had been 
removed for 208 days and the pupil during this time had been almost 
maximal. But the left superior cervical ganglion was then removed 
with the result that the left pupil became moderately constricted next 


_ day and for a few days afterwards, In connexion with these experiments 


I would mention two others also in which there was a corresponding 
_ onset of paradoxical dilatation. In the first this occurred on the day 
after the excision of the left’ superior cervical ganglion only; in the 
second, it occurred on the 209th day after the excision of this ganglion as 
a consequence of the removal of the left: vagus ganglion on the preceding 
day. But in both the paradoxical effect disappeared after a few days. 
I am therefore inclined to attribute the onset of a paradoxical effect in 
all these exceptional experiments to the absorption of some substance 
from the recent wound. This view might also account for the alterna- 
tion of constriction and dilatation in Jegorow’s second experiment 
quoted above. Jegorow himself attributed the constriction in his dog 
to pressure of cicatricial tissue on the ciliary nerves, but it is difficult to 
understand how this could have caused the later constriction because 
the cut ciliary nerves would have lost their irritability even as oy as 
the 6th day. 

I did not know till my experiments were finished that Bosbtosck! 
had observed local dilatation of the pupil after cutting three long ciliary 
nerves. This dilatation was in the region of the paralysed portion of 
the iris and it is attributed by Winkler? to a long-continued irritation 
of the cut nerves. But in exp. 8 I cut the malar long ciliary branches | 
before they had joined the short ciliary and in this cat observed no local 
dilatation on the malar side under normal conditions. On the contrary, 
the malar side of the pupil was afterwards slightly straighter than the 
nasal. The paralysed pupil did not, it is true, contract quite so well as 
the control, but this slight general dilatation was afterwards explained 
by the degenerating fibres found in the short ciliary branches®. 


Roebroeck. Het ganglion eupreminn colli nervi Sympathel, Utrecht, 1896, p. 85. 
* Winkler. Commun, 4 5 Congr. de nat. et méd. hollandais, Avril, 1896 ; Flandre 
méd., No. 17, 1895. 
the operation. 


on 
le 
. 
é 
‘ 
Wo 
| 
“4 
Le | 
& 
i 
4 
Lag 
* 
‘a 
Pe, 
| 


‘motor nerve. It is possible, therefore, that he may have cut the long 


surface of the iris suggest local relaxation of the sphincter. Again, no 


considerable dislocation of the pupil when dyspnea had excited para- 


‘side. In stronger light the malar side of the pupil becomes straight before the nasal side, 
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Roebroeck does not mention the condition of the short ciliary nerves 
at the end of his experiment, and he was prevented by the death of ‘the 
cat from observing the effect upon the pupil of stimulation of the oculo- 


ciliary nerves after they had joined the short ciliary, as I did unwittingly 
in exp. 6. In his drawing of the pupil (Fig. 3, Pl. IIT) the lines on the 


dislocation of the pupil is shown in this figure. But in exp, 8 there was 


doxical contraction in the paralysed malar portion of the dilatator. 


Expr. 8. Cat. Long ciliary nerve cut on the left optic nerve just before its union 
with an accessory ganglion upon the short ciliary branches. 


9th day. Since the operation thé pupil has dilated less on the malar than on the nasal 


but the left pupil does not as a whole contract quite as well as the control. 


8.0. Chloroform, then ether and chloroform. 
8.12. After repeated dyspnoea the left pupil dilated on the malar side and the whole 
pupil is seen to be dislocated towards this side. 
malar side. 

8.31. After closure of air tube for 1 min. disloeation of pupil to malar side very great. : 


The irregular form and dislocation of the left pupil continued after death. Some 
hundreds of degenerating fibres were found in the short ciliary nerves near the ganglion, 
but the great majority of the fibres were sound. ; 


PARADOXICAL PUPIL-CONSTRICTION AFTER SECTION 

OF THE OCULOMOTOR NERVE. vue 
. In exp. 9 the left oculomotor nerve was cut centrally of the sdliaey 
gauglion. After the operation the pupil remained almost maximal and 
gave no response to light. On the 7th day the cat was anmsthetised. 
The pupil did not become appreciably smaller, however, after anzsthesia 
had been established, nor after two short periods of dyspnea, but half- 
an-hour after the cat had been bled to death the left was distinctly the 
smaller of the two pupils. This difference was greater an hour later. 
The control pupil meanwhile had not become smaller. 


‘Exp. 9. Cat. Left oculomotor nerve cut in the orbit centrally of the ciliary ganglion. 
7th day. Left pupil has remained widely dilated since operation. 
1.30. Ether and chloroform given in equal parts. 
2.20. Catbledtodeath.. 
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- 2.80. Lett pupil very slightly the smaller. 
BO, Left pupil distinetly smaller, Fig. 7 4.. 
4.0. Left pupil much smaller, right still widely dilated, Fig. 7b. 

Next morning: Both pupils smaller, but left much the smaller of the two pupils, 
Fig. 7 ¢; on the second morning sfter death the same relation between the pupils 
continued, but both had dilated slightly. 


Fig. 7. 


Exp. 9 shows that senidexionl constriction may occur as soon as 
7 days after section of an oculomotor nerve. But paradoxical dilatation 
was not seen by Langley in a cat which had been killed 7 days after 
section of the cervical sympathetic, although it occurred after longer 
division of this nerve’. The early onset of paradoxical constriction 
after section of an oculomotor nerve was also observed in the following 
series of experiments in which the nerve was cut on one side and the 
ciliary ganglion removed on the other. 


ON THE FUNCTIONS AND NATURE OF THE CILIARY GANGLION. 


In order to investigate whether the decentralised ganglion sends 
‘nervous impulses either motor or inhibitory to the sphincter muscle, I 
cut the oculomotor nerve in one orbit and removed the ganglion from 


the other. Under normal conditions the following results were obtained. 


In five experiments, lasting 6 to 12 days, the pupils were equal, and in 
three they were again equal till regeneration began. In two the pupil 
on the side without the ganglion was slightly the smaller, in one it was 
slightly the larger. But even in these the inequality did not persist. 


It had almost disappeared on the third day when one of these cats was 


killed, and in the other two the pupils were equal after the second day 


till the cats were killed 4 and 9 days later. Under normal conditions, 


therefore, there was no suggestion of the passage of augmentor or 
inhibitory impulses from the decentralised ganglion in 8 out of 11 ex- 
periments, and in the remainder the transitory inequality seemed to be 
merely an accidental effect of the recent operation. 


1 Anderson. This Journal, xxx. p. 297. 1904. 
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I am unable, therefore, to support Jegorow’s! suggestion. that’ the 


decentralised ciliary ganglion augments the tone of the sphincter. There 


was a suggestion of this in three other experiments in which the dilated 
pupil began to constrict slightly some months after section. of the oculo- 
motor nerve within the skull. But this suggestion was false. In each cat 
I? eventually elicited a distinct light-reflex after the application of phy- 
sostigmine to the eyes although I quite failed to-do so under normal 


conditions, even 9 months later in one cat, Again, after section of an 
_ oculomotor nerve in the orbit I observed slight constriction of the pupils 


some days before I could detect a light-reflex although the constriction 
was almost certainly caused by the beginning of regeneration. The 
absence of the normal light-reflex cannot, therefore, be accepted as a 
proof of the absence of regeneration in the oculomotor nerve. —__ 

The effect of dyspnoea or death usually differs to a greater or less 
extent upon the denervated and decentralised sides, but the differences | 
are not constant in different experiments. In four experiments lasting 
12, 10, 6, and 12 days the pupil became distinctly larger on the dener- 
vated side, both during dyspnoea and after death (cf. exp. 10). In two 
experiments (6 and 12 days) a similar result was obtained during 
dyspnoea and for some time after death, but about 8 hours after death 
the relative size of the pupils underwent a reversal. In one experiment 
the pupil on the denervated side became smaller than on the other side 
about 3 hours after death, and in one experiment not only was it smaller 
after death, but smaller also during dyspncea before death in the 
anssthetised animal (exp. 11). 

I cannot at present account for these differences. I carefully 
avoided stimulation of the branches of the decentralised ganglion because 


I had previously found that this caused residual contraction in the 


sphincter. But I tested the vitality of the ganglion by examining its 
branches~ microscopically and never found them degenerated. I also 
verified the absence of any lesion in the long ciliary nerves on either 
side. It is possible that these differences may have been caused by 
accidental injury of the eye or its vessels on one side or the other. But 
I saw no sign of this. A longer duration of the experiments would no 
doubt have minimised this last possible source of error, but unfortunately 
the oculomotor nerve may begin to reunite with the ganglion even as 
soon as the 10th ws when this nerve is cut in the orbit. 


1 Jegorow. Archiv Slav. de Biol. m1. p. 338. 1887. | 
? Anderson. Proc. Phys. Soc., May, 1905. This Journal, xxx1. 
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‘Exe. 10. Cat. Right ciliary ganglion excised ; serve ‘ent: orbit 


H. K. ANDERSON. 


response to light has been detected on either side, 
8.13. Ether given, then equal parts of ether and chloroform. — 


‘8.50. 
4.0. 


Both pupils equal and almost maximal, Fig. 8 a. 

Air tube closed, left pupil became smaller afterwards. 

Both cerv. symp. nerves now cut: their canes dilatation equally 
quick and marked on the two sides. 


_ Air tube closed twice. Both pupils have become smaller, but the left. pupil 


4.25, 


4,80. 


4.33, 
4,43, 
5.5. 


is the smaller of the two, Fig. 8 b. 
Left pupil has decreased in size more rapidly than the right, Fig. 8c. 
Cat nearly killed by mixing CO, with the air breathed. ‘Neither pupil became 
appreciably smaller at the time. 
Cat bled from carotid artery. _ 
Both pupils have become smaller, but the left is the smaller of the two, Fig. 8 4. 


‘Both pupils have dilated, but the left more than the right, yet the left is still the 


‘smaller pupil, Fig. 8 e. 


. Next morning. Both pupils are much smaller, but the relation between them is 
unchanged, Fig. 8 f. 

2 Dissection showed that the long ciliary nerves had not been cut on the right side. 
Their fibres also were not degenerated. The left short ciliary nerves were sound except 


Fig. 8. Under b. After dyspnoea. c. After further dyspneea. 
d. 10 minutes after death. . Half-an-hour after death. “a Morning after wah. 


Exp. 11. Cat. gon xi, it cin he 
7th day. Pupils equal since the operation. ; 
3.27. Ether, then ether and chloroform. Pupils equal, 18mm. 
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8.58. After repeated dyspnaa, left pupil slightly smaller than the right. 
4.6... Both sympathetic nerves cut. | 3 
4,24. lath popll 11 mm. ; right 12 mm. . 


4,47, After farther dyspnea, left 10 mm.; right 8-5 mm. 
4.53. Left pupil9 mm.; right6 mm. 


6.6. 1°), atropine injected. 

5.11. Pupils the same. 1 .c, 1°/, atropine injected. 

5.18. Left pupil 8 mm.; right5 mm. 1 c.c. Sesereimam: 
6.19. Pupils unchanged. Cat bled to death. 

5.87. Left pupil 5 mm..;, right 3°5 mm. 

6.15. Left pupil scarcely larger than right. 

 S8thday. 11.0. Both pupils equal, 2 mm. 

2.0. Left pupil slightly the smaller, both’pupils larger. © 


In ‘this experiment atropine did not relax the constriction of the 
pupil nor prevent further constriction afterwards, but further ono 
of this observation is deferred to a later paper. | 

J egorow’ thinks that the ciliary ganglion may have a trophic saliaiies 
upon the cornea because he has found corneal lesions after its excision. 
In three of my experiments also I noticed a slight opacity in the cornea 
after excision of the ganglion but this soon disappeared. Moreover, the 
position of the lesion was very suggestive of its cause because it, coin- 
cided with the portion of the cornea uncovered when the lids were half 
closed. I therefore closed the lids at the beginning of the subsequent 
operations and kept them closed till the end.. No opacity then occurred 
even a year after excision of the ganglion. I therefore attribute such 
lesions of the cornea to accidental injury during the operation. : 

Marina’, on the other hand, thinks that the ciliary ganglion is ‘truly © 
a centre for the sphincter iridis,’ and composed of both motor and sensory 
cells because he has observed chromatolysis in dogs and monkeys in some 
cells of this ganglion after cauterising the cornea, and in more of its cells 
after lesions of the iris and ciliary body. Bernheimer® also supports 
this view on similar evidence. But I have failed, as others have, to 
observe any movement of the pupil on stimulating the. cornea or on 
varying the light when the oculomotor nerve has been cut in the orbit 
or within the skull. Moreover, Langley and I* did not find a single 
sound medullated fibre in the oculomotor nerve of a monkey which ‘had 
been cut within the skull 56 days previously by Sherrington, who kindly 


1 Jegorow. Arch. Slav. de Biol. m1. pp. 331 and 345. 

2 Marina. Riv. di Path. nerv. e ment. m1. p. 529. 1898. 

* Bernheimer. Archiv f. Ophthal. xiv. p. 526. 

4 Langley and Anderson. This Journal, xvu. p. 184. 1894. In our paper the 
nerve was stated in error to have been taken from a cat, 
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gave it to us, Reversely, in the cat (exp. 1) I found no degenerating 
fibres in the oculomotor nerve 10 days after the removal of a ciliary 
ganglion and none in the fourth, fifth, or sixth nerves. If, therefore, cells 
comparable with the cells of posterior root ganglia are present in the 
~ ciliary ganglion they must belong to a type of cell not yet demonstrated 
and send non-medullated processes to the central nervous system. The 
cells of the ciliary ganglion do not differ, therefore, in this respect from 
the cells of the ganglia of the sympathetic system’. 
SUMMARY. 

If a cat is partially asphyxiated (under anesthetics) or killed a few 
_ days or weeks after the removal of a ciliary ganglion or after the section 
of an oculomotor nerve the paralysed pupil becomes smaller than the 
control; and if only some of the ciliary branches have been cut, the 
paralysed portion of the sphincter under the same conditions contracts 
more strongly than the remainder. Such paradoxical effects I have 
called paradoxical pupil-constriction. | 

My observations show that these results are primarily due to an 
increased excitability of the paralysed sphincter muscle and that they 
are evoked by a local stimulation of it. 

I have obtained no evidence of the passage of augmentor or 
inhibitory impulses from the decentralised ciliary ganglion. . 
_ _No-.medullated fibres degenerate in the third, fourth, fifth, or sixth — 
nerves after the removal of a ciliary ganglion, a fact which shows that no 
nerve cells of the type of spinal ganglion cells are present in the ciliary 
ganglion, 

_ The removal of a ciliary ganglion does not cause lesions of the 


| The expenses connected with these experiments have been defrayed by « grant received 


1 Langley and Anderson. This Journal, xvm. p. 185, 1894 (inferior mesenteric 
ganglia); Langley, Ibid. xx. p. 76, 1896 (lumbar ganglia); Ibid. xxv. p. 468, 1900 
(cervical and upper thoracic ganglia); and Brain (ganglia of solar plexus), 1908, p. 22. 
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THE FACTORS OF THE URETER PRESSURE. By 
 V. HENDERSON, MA, MB. (Tor), Demonstrator of 
Physiology in the University of Toronto. (Six Figures in Text.) 


(From the Physiological Laboratory at University College, London.) 


SEVERAL observers in the course of their studies on the mechanism of 
the secretion of the urine have connected the ureter with a manometer 
and have thus caused the kidney to secrete against a pressure created by 
its own activity. Cushny and others by the production of such a pressure 
have slowed the urinary production in the one kidney as compared 
with the other and have studied the changes in chemical constitution of 
the urine that the altered conditions produced. Gottlieb and Magnus 
have devoted one of the papers in their series on the action of the kidney 
to a study of this condition. Some experiments instituted with a some- 
what different end in view seemed to point to the need of a more critical 
study of this phenomenon if it is to be pressed into service to throw 
light upon the function of the kidney. The results of this study are 
contained in this paper. : 
The methods employed were familiar ones. One ureter was con- 

nected by a cannula to a mercury manometer whose style wrote upon- 
smoked paper. A side-tube closed by a clip allowed the pressure to be 

removed at any time, and the secretory activity of the kidney to be 
noted. Only when a high pressure was maintained for a prolonged time 
(such did not occur in the course of the experiments described), and 
simultaneously a marked hydremic plethora was produced, did a 
markedly cedematous condition of the kidney, with the formation of 
blebs. under the capsule, occur. Such a condition seemed to be much 
more readily produced in rabbits than in dogs. In some cases the 
cannula was inserted high up into the ureter (practially into the kidney 
pelvis), but the results were essentially the same as when it was inserted 
lower down. A blood-pressure tracing was taken throughout from 
either the carotid or the femoral artery. In several experiments the 
kidney in connection with the manometer was placed in a plethysmo- 
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graph. The changes in volume of its contents were recorded with a 
Hiirthle piston-recorder. The flow of urine from the other kidney was 
usually simultaneously recorded by allowing the drops from a cannula 
inserted in its ureter to fall upon one of a pair of tambours. Rabbits 
were anesthetized with urethane and a.c.E., dogs with morphia and 
A. C. E. 
_- The factors which at once were seen to play a more or less essential 
part will be considered in order, but first a word or two about the con- 
tractions of the ureter musculature and the pressures produced by them. 
Correctly these alone should be spoken of as the ureter-pressures, These 
contractions seem normally to occur at very varying rates and often not 
with a quite regular rhythm. They sometimes occur in roughly 
rhythmical groups. They seem to increase in rate with the rate of 


‘Exp, XIIL Dog. Rate of contractions 4; of urine 2 drops, per minute. 
Exp, XY. Dog. ; ” 18: ” ” 
Again ” ” 2: 18-18 ,, 


_ Similar observations were made in rabbits. The increase in rate 0 
flow was produced by saline injections or caffeine. They often become 
slightly more frequent as the pressure rises. They disappear in the dog 
with a pressure of from 26--32 mm. Hg, in the rabbit at from 8—16 
mm. Hg. A slight artificial rise in pressure often serves to excite them 
or increase their rate when present. Stimulation of the splanchnic as 
shown by Protopopow or of the hypogastric, as shown by Fagge 
also, will often produce contractions in a ureter seemingly paralysed by 
pressure. Adrenalin has the same effect. The slow return to a maximum 
of the ureter-pressure after splanchnic stimulation in Figs. 3 and 4 is 
due to their presence. When vigorous they may cause considerable 
_ Variations in pressure, ¢.g. in exp. XIV. Dog, with a ureter-pressure of 
6 mm. Hg, several contractions occurred, each of which produced a rise 
of 36 mm. Hg, rate 4—5 per minute. In a rabbit the greatest change 
noticed was T2 mm. Hg. Irregularities due to these contractions were 
1a some cases avoided by allowing paralysis of the musculature due to 
over-distension to supervene before beginning a series of observations. 
2 The phenomenon usually described as ureter-pressure ‘has nothing 
to do with the ureter but depends entirely upon the kidney. The first 
factor in its production is what may best, perhaps, be termed ‘the oricd- 
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metric effect. The renal tubules and vessels lie pressed together within 
a capsule which is but slightly elastic, hence such a sudden rise in blood- 
pressure as in Fig. 1, due to the injection of a 20°/, solution of sodium 
sulphate, caused at once a rise in ureter-pressure. And as further, 
there may occur, as pointed out by Loewi, a dilatation of the vessels 
of the kidneys, which may be entirely out of proportion to the dilatation — 


Fig. 1. Fig. 2. 
Fig. 1. Dog. Exp. V. May 12th. Upper line, blood-pressure; Qnd, ureter; 3rd, 
outflow other ureter; 4th, clock, 10 second intervals. Ba Ya 
Fig. 2. Exp. XXVIL Dog. As in Fig. 4, except that the signal is the ureter base line. 


Decapsulated kidney. Stimulation of vagus. Plethysmograph is set to left of blood and 
ureter manometers, 


of the entire kidney, this alone may cause a sudden rise owing to the 
forcing of urine out of the tubules due to their compression by the 
vessels. The ureter-pressure therefore depends very largely upon the 
local blood-pressure in the kidney. The extent to which this is true 
may be seen in Figs. 2, 3 and 4, “It may be noted that these curves 
show ‘that a rise in general blood-pressure may be accompanied by a 
fall i in ureter-pressure due to constriction of the kidney vessels (splanchnic 
12—2 
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stimulation), or the blood-pressure remaining constant a local shrinkage 
will cause a like fall (stimulation of renal nerves), or the further possible 
case, fall in blood-pressure with accompanying fall in ureter-pressure. 
Decapsulation only to a certain extent does away with this effect (Fig. 2). 
In consequence of this lack of complete elasticity on the part of the 
capsule and of the varying volume that the vessels may fill within it, no 
absolute measure of the ureter-pressure at any time can be made unless 
the ureter manometer connections have been opened and the kidney 
freed from pressure since the last change in local vascular conditions. 
A slower fall in blood-pressure caused by a slow general vaso-dilatation 


Big. 3. 


Exp. XXV, Dog. 2nd, blood-pressure; 
/ Oneometer side; 4th, secretion from right kidney; 5th, signal; 6th, 
time in 10 second markings. Stimulation of vagus 
splanchnie, é.¢. of oncometer side. xj. 
Fig. 4. Exp. XXVL Dog. Upper line, plethysimograph ot of left kidney 
__ + Pressure; Srd, ureter-pressure; 4th, signal; Sth, base for both 
10 second intervals, Stimulation of renal nerves, 
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or other condition will bring about a similar fall in ureter-pressure, only 
that here the exact parallelism may be altered in two directions, firstly 
reabsorption of fluid out of the tubules more rapidly than produced by 
the kidney at the lowered blood-pressure, or secondly and oppositely the 
_ kidney blood vessels remaining widely dilated and the kidney capillary 
pressure proportionately high, the pressure in the ureter would be 
insufficient to dilate the tubules and hence to allow a fall proportional 
to the fall in the general blood-pressure. I have no doubt that this 
_ is the only possible explanation of the remarkable result reported by 
Gottlieb and Magnus as they seem to have fulfilled all the necessary 
theoretical conditions. In their experiment a rabbit received a con- 
tinuous injection intravenously of normal saline, the blood and ureter- 
pressures were noted while a fall in general blood-pressure was brought 
about by injections of chloral. Reabsorption from the tubules would 
here be slight if not indeed quite absent, and the renal vessels would be 
widely dilated, hence it is not surprising that in the rabbit’s last minute 
the ureter-pressure was read at 14 mm. Hg, that of the blood in the 
carotid only at 13 mm. The ureter-pressure was insufficient to press the 
fluid in the connections back into the kidney. Though I have worked in 
several experiments with very similar conditions I have never seen such 
a result, and [ think that this is due to the care taken to avoid error by 
opening the ureter manometer connections on inducting changes in the 
circulatory conditions, which Gottlieb and Magnus did not do. Con- 
sequently, too, no absolute value should be placed on measurements of 
ureter-pressure as it is in large part but a function of the blood-pressure 
in the kidney, and the blood-pressure should always be given when the 
ureter-pressure is used in experimentation. 

The second factor is the constitution of the plasma. Starling 
measured the osmotic pressure value of the proteid constituents of the 
plasma and found it to be about 25—30 mm. Hg. He pointed out that . 
with a normally constituted plasma one did not find a secretion of urine 
with a lower blood-pressure than about 35 mm. Hg, nor under like 
conditions could one obtain a ureter-pressure-which was not lower than 
the blood-pressure by at least this amount. Without diuretics in rabbits 
the minimum difference between blood and ureter-pressure in my ex- 
periments was 66 mm. Hg, with caffeine 46—50, hypertonic salts 45; 
in dogs 60—70 mm., with diuretin or caffeine 55—65, with hypertonic 
salts (10 cc. of a 25°/, solution of sodium sulphate) 47 mm. Hg. As 
my experiments were performed in warm weather it was very hard to 
obtain maximal activity in response to diuretics, and hence in part the 
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high values Sia In none of these cases, however, could the osmotic 
value of the proteid present’ have been greatly reduced. By bleeding 
and replacing the blood with isotonic saline it sored could be. The 

following experiment is typical. | 
IX. Dog 9 kg. Usual connections made. Between each alteration in ciroulatory 


conditions, i.e. before bleeding or injecting saline, etc., 
were opened: Tabular protocol in brief. See also Fig. 5. : 


Flow from Pe 
11,50 Normal 102 40 62 app. 0°8 100 100 
12. Diuretin 5 c.c, 10 °/, solution 
12.2 Fig,5A 116 58 58 = app. 

12.4 10c.¢. 20°/, Na,SO, 

12.6 130 71 59 A, 

12.145 100... saline 0°9 °/, 

12.30 Bled 100 c.c. 

12.40 10 c.c. sulphate 

12.44 96 59 37 17 88 . 1% 
1.9 Bled 200 c.c. 
1.20 64 37 12 51 
1.35 Fig. B 70 39 21 47 
1.87 Bled 125 ¢.c. | 

1.50 Fig. C 70 34 87 5 45 — 
2.1 200 ¢.c. saline 

2.4 Fig. D 54 


Fig. 17 1B 2° (6 


(2.25 Big. F 38 ll 11 2B 

2.27 Bled 150 c.c. 
300 o.c. saline 

2.40 Bled 100cc. . 

2.50 . 68 48 10 16. | 


| * Hemoglobin percentage was obtained by a tintometer, the first sample serving as 
normal (100°/,). Total solids were obtained by drying and are given as percentage of first 
sample as 100. 


by the ete method. - 

may be seen, the flow was 
minimum difference of but 10mm. Hg. In no.case was a lower differ- 
ence obtained. In exp. V. abundant secretion occurred with a blood- 
pressure of but 32 mm. Hg; the percentage of hemoglobin was less than 
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10. In no case was secretion in any quantity observed with a lower 
blood-pressure, as asphyxia owing to the blood-dilution intervened. I do 
not doubt however that it might occur under more fortunate conditions. 
Indeed Gottlieb and Magnus report a case in which in a rabbit under 
continuous intravenous injection of saline, and a fall of blood-pressure 
due to chloral, 0°3 c.c. of urine was secreted in 5 min. with a blood-pressure 
of less than 30 mm. Hg. As the plasma must have been greatly diluted 

this exceedingly small secretion does not appear impossible though 
_ very exceptional. As pointed out above, the measured urinary pressure 
(the minimum difference was but 6 mm.) was probably far too high. 
The further secretion of one drop of urine with a blood-pressure 
16—13 mm. Hg, difference of 3 mm., has of course little significance, as 
such at times appears before death under such conditions and probably 
is due to an emptying of kidney pelvis and ureters. 

This experiment, with the other examples given in brief in the 
addenda, points clearly it seems to the constitution of the plasma and 
especially of its proteid constituent having a marked influence on the 
relation which subsists between ureter-pressure and blood-pressure, and 
goes to justify the explanation given by Starling of the lack of secretion 
with low blood-pressure, i.e. less than 30 mm., and of the occurrence of a 
minimum difference of about the same amount between blood and ureter- 
pressure when the plasma is normal in its proteid content. 

A-third factor which definitely affects the ureter-pressure, and that 
in two distinct ways, is the rate of production of urine. The first effect 
of a more rapid production of urine is a more rapid rise of the ureter- 
pressure. This may be distinctly seen in Fig. 6 A and B. This is of 
course principally due to the fluid necessary to cause the rise being 
more rapidly supplied and to a less extent to the fact that dilated kidney 
vessels will occupy more of the space within the capsule and allow but 
a small dilation of the tubules. In exp. XVL., Fig. 6, Rabbit 2°6 kg., 
the more rapid flow of urine was produced by an injection of 2 cc. 
of solution of caffeine sodium salicylate. A mereury-valve con- 
nected with one carotid prevented the blood-pressure rising above its 
_ previous maximum. The ureter manometer connections were not closed 
until the blood-pressure and urinary flow had become constant. Curve B 
in exp. [X., Fig. 5, was obtained soon after an injection of normal saline. 
The ureter manometer connections were then broken, the animal bled 
125 c.c., the connections again closed and curve C obtained. It is to be 
noted that the blood-pressure is approximately the same, and the con- 
stitution of the plasma has altered but little, hemoglobin indices 47 *%/, 
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and 45 °/, as may be seen in the protocol given above. The difference in 
the rate of urinary flow is undoubtedly due to a decreased flow of _ 
through the kidney. 

But further than this somewhat unimportant difference in. the rate 
of rise of the ureter-pressure to its maximum is the lessening of the 
minimum difference between blood and ureter-presgure which the more 
rapid flow produces. As Heidenhain quite correctly pointed out, the 
ureter-pressure represents not a secretion pressure but the pressure at 
which secretion (or filtration) and reabsorption balance each other. The 
theoretical maximum ureter-pressure, or minimal difference between that 
and the blood-pressure, required to show the existence of a filtration 
pressure which is needed to overcome the proteid osmotic pressure 
of Starling, can only be obtained when the rate of absorption is 
negligible when compared with the rate of urine production. That the 
point of balance is not reached by a slowing of the ‘production process 
(absorption not being admitted to occur) seems to be pretty well esta- 
_blished by the studies of Cushny on the salt distribution in urine of 
two kidneys, one secreting against pressure, and the similar experiments 
of Riidel on the urinary reaction. Fresh evidence, also, in favour of an 
absorption occurring will be offered in this paper. It is to be noted that 
Fig. 6 B represents a minimum difference of 64mm., rate of outflow 
13 drops per min.; A a difference of 73 mm., rate of flow 2. That in my 
experiments I did not more closely approach Starling’s minimum 
difference is probably due to the experiments having been performed in 
hot weather when the animals were poor in water and consequently 
unable to. react to diuretics with an abundant secretion. My experi- 
mentation has led me to feel strongly that many confusions and diffi- 
culties in previous studies of the kidney secretion are largely due to 
overlooking the important factors of the water content and of the salt 
content of the animal asa whole. A subsequent paper will be devoted 
to their study. That a certain rapidity of flow is necessary to produce 
the minimum difference between blood-pressure and ureter-pressure 
with any given constitution of the plasma suggests that absorption occurs 
as a normal act and that the minimum difference is but the product of 
these two factors balancing against each other. - nae 

The need of a better demonstration of the possibility of reabsorption 
from the tubules led to a further series of experiments. Other observers 
have been more or less successful in injecting the tubules from the 
ureter, but as a review of their methods and results is contained in a — 
recent paper by Lindemann it seems unnecessary to discuss them. 
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_* The experiments were carried out before Lindemann's paper came 
into my hands, otherwise hints contained in it might, I believe, have led 
_toagreater success. The following variations upon the method employed 
by other observers were made use of. In dogs under morphia and A.C.E. 
the kidney and ureter were exposed, and freed from the surrounding 
tissues; especial care was taken to carefully clean the artery, vein, and 
ureter, at the hilus of the kidney, so that all lymphatic connections were 
broken. Cannulw were inserted in the ureters and the carotid artery 
and the jugular vein. An injection of a concentrated solution of dextrose 
(approx. 35 g. dextrose in 50 cc. water) intravenously was given so as to, 
firstly, make the animal as poor in water a8 possible, and, secondly, lower 
as much as possible the percentage of electrolytes in the urine. During 
the diuresis records of the possible ureter-pressures were taken and 
during its subsidence the ureter cannula was connected by a tube with 
a small reservoir; connecting tube and reservoir were filled with a 
solution of indigo-carmine The following 18 in full. 


Ex. XVII. Dog Opertion as above 


60% dextrose 90 20 opened after each 
10.50. 6  :. observation 


10.55 allowed to rise, and then ureter eansnla connected with pressure 
vessel. 

Pressure 125 cm. H,O = approximately 92 mm. Hg (2 mm. only above the 
‘pressure observed above). 
11.35 Slight blue tings in urine of other Kidney , finid-ovel in reservoir had fallen 
approximately 6 mm.=8 H,0. 
| Blood-pressure 188mm. 


capsule showed areas, especially towards the ends of the kidney, of mottled bluing. Kidney 
bisected longitudinally; washed lightly with running water. Narrow wedge-shaped 
stripes are to be seen, especially towards the ends of the kidney, which radiate from pelvis 
to cortex, in which they are not to be made out or in which they are less distinctly 
marked and wider but reach to the capsule. Parallel sections on either side show similar 


or granular) of, indigo-carmine in the collecting tubules, and chaos palin 
tubules of the cortex, in many cases directly underlying the capsule, and in the-tubules of 
the ascending limb of Henle’s loop. Deposits were also found but were not common in 
the descending loop of Henle. In many of the convoluted tubules and in those of Henle’s 
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loop pigment could be seen within the -cells. ‘Olly: tobe 
found in interstitial tissue about the vessels, except within the capsule. 

Similar results were obtained in other cases, » synopsis of two 0 of which are given J in 
the addenda. 
The following points are’ That there was an 
absorption of fluid and of pigment. That this did not’ take place from 
the pelvis alone, as in spite of the low diffusibility of the pigment. it 
‘was to be found high up.in some tubules. That there is no evidence of 
a tear into. interstatial tissue and that the distribution of the pigment 
speaks .against its being reabsorbed from the interstitial spaces and 
secreted by the cells of the tubules, That the pressure hardly surpassed — 
a previously measured ureter-pressure. In exp. XVIL. it did not reach this 
_ point and we can hardly suppose, in view of the pigment-distgibution in _ 
the other cases that, in this the absorption was not by the tubules even 
though not found far up in them. 


_ ‘The macroscopic appearances of these kidneys seems to have dents 
resembled those obtained by Lindemann and led to a careful search 
for masses of pigment within the interstitial tissue along the vessels. In 

_ several of his experiments the pigment did pass up the tubules to a 
greater or less extent. In other experiments the pigment or oil was 
almost solely to be found in the interstitial tissue. The results so. at 
variance with mine I find hard to explain, largely perhaps because so 
little information as to the prevailing conditions is given. No measure- 
ments of blood or ureter-pressures seem to have been taken. The 

injection pressures appear to have been selected arbitrarily. In several 
of Lindemann’s experiments, whether on the extirpated or intact 
kidney, certain tubules were more or less completely injected. The — 
occurrence and the irregularity of the distribution of these injected 
tubules Lindemann explains as being due to such tubules having been 
empty at the time the injection was undertaken. This explanation will 

_ I think hardly hold good in my experiments where all. the tubules must 

have been functioning. I rather hold that the high pressure needed to 

turn the balance in favour of absorption to such an extent as to more 
than enable it to cope with the secretion and of sufficient duration to 
allow of the pigment fluid entering the tubules, leads to the closing of 
the opening of many tubules into the pelvis or obstructing them else- 
where to a greater or less extent, and that in consequence only those 
tubules which are fortunately placed and well filled with urine will be 
injected. As noted also by Lindemann the best injected tubules occur 
towards the “— of the kidney and do not enter through the central 
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papille. ‘Like Lindemann I have also noted that one of the first 
effects of pressure was flattening of the papillz and hence probably 
~ closure of the tubules opening there. 

This fresh evidence, like the work of Cushny, Loewi, Sollmann, 
Riidel, Httber and others, furnishes a new support to the theory of the 
recurrence of absorption. The close relationship which in the earlier 
part of the paper was shown to exist between the blood-pressure and the 
blood-constitution on the one hand and the ureter-pressure on the other 
and the fallacies, incorrect pressure measurements, shown to exist in the 
work which was supposed to disprove this relationship point more clearly 
to the correctness of the sana hypothesis than to that 
of specific secretion. 

It gives me much pleasure to ‘be able to thank Prof. Starling for 
_ permitting me to carry out the above experiments in his — and 
for much kind advice and criticism received from him. ) 


Concuusions. 


1. depends, i in the first instance, on varies 
with the blood-pressure and is not a 
called. 


2. The minimum and blood: 
pressure will vary firstly with the rate of urinary production, and secondly 
with the proteid constitution of the plasma, and that hence the explana: — 
tion given by Starling firstly of the dimension of the observed mjnimal 
difference between blood and ureter-pressures, and. secondly of the 
absence of urinary flow with low blood-pressures and a ey 
constituted plasma, 1 is probably correct. 


3. Reabsorption of water and of slightly diffusible substances may 
take ‘Place from the tubules, 


j 
x ad - 
i 
op 
~ 
. 
on 
“ey. 
q 


URETER PRESSURE. 


Blood- Ureter- Outflow in cc. 
Time pressure pressure Difference in 10 min. 
10.50 120 80 90 Caffeine 2 c.c. 10°), sol. 
11.48 Blood I. Hemoglobin 100°), - 
11.50 124 49. 15 
11.55—12.2 Bled 85 c.c., injected 45 c.c. saline intravenously 
12,18 90 0. 50 6. Caffeine given 
12.30 78. 48 380 6 Hemoglobin 74°, 
12, 28—12, 32 normal saline 
12,40 90 46 88 Caffeine 
12.42 68 26 Hemoglobin 63%, 


Exe. V. Dog 18 


2.35 100 50 50 2 Hemoglobin 100 °/, 
8.20 40.c, 20°/, NaSO, solution intravenously 

484 100 64 86. 
4.50—56 Bled 100 ¢.0., injected 260 .0. 
5.12—18 Bled 100 ¢.c., injected 250 c.c. | 
5,28 82 55 27 42 os 66 
5.48—6.8 Bled 100 c.c., 
613 40 10 39 a 15 


Exp. VII. Dog 7 kg. | 
11.20 140 76 64 


4—5 100 

11.80 10 c.c. 20%, Na,SO, solution | 
11,85 160 110 50 26 
11.87 Bled 100c.c, 11.46 20c.c. sulphate 
11,48 130 76 54 20 
11.55 200 saline 
12.2 180 50 2% 85 
12.16 Bled 100c.c. 12.30 Injected 100 c.c. 
12.36 110 64 46 32 
12.45 Bled 100c.c, 1.55 200 .c. saline 

1,30 118 79 89 50 ae 68 

1.85 Bled 100 to 1.25 250c.c. saline 

2.7 72 50 22 40 = 50 


At 2.12, 2,82, 2.45, 2.55 bled 100 ¢.c. 
At 2.20, 2.88, 2.48, 8.0 injected 200 c.c. saline 
8.4 40 29 11 = 


SELECTED PROTOCOLS IN BRIEF. 
Exp. Ill. Rabbit 2°6 | 
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Exp. XII. “Dog 11 kg. Prepared as described above, exp. XVII. Maximum ureter- | 
pressure 80 mm. Hg, blood-pressure 128. Injection-pressure of indigo-carmine 91 mm. Hg. 


14 hrs. later, blne-tinged urine secreted from other kidney. 23 hrs. later, killed. 


Irregular patchy bluing of the kidney capsule. On section definite radiating wedge- 
shaped blue areas extending from pelvis to the capsule. Histological examination showed 
pigment deposits, most abundant in the collecting tubules and in the convoluted tubules. 
Two or three glomeruli also contained small deposits. In some areas where much 
pigment occurred within the tubules and in their cells pigment also was present inter- 


Exp. XVII. Dog 10 kg. Prepared as above. Blood-pressure 120. Ureter-pressure 
30 mm. Hg. Injection-pressure 40 cm. water = approximately 830mm. Hg. In 1} hrs. a 
trace of blue in urine of right kidney. After 24 hrs. killed. Slight bluing of patches of 
capsule. On section one or two faint blue streaks extending out to the capsule. Histo- 
logically indigo-carmine in collecting tubules and in a few convoluted tubules only. 
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NOTE ON THE EFFECTS ov PITUITARY - FEEDING. 
W. H. THOMPSON, MD. Se:D., King’s Professor ‘of 
Institutes of Medicine, anv H. M. JOHNSTON, B.A., M.B, 4 


(From the Physiological Laboratory, Trinity College, Dublin.) 


WA8ILE the following experiments were in progress an article on the 
same subject by J. Malcolm’ appeared in this Journal. In our case 
the source of the pituitary substance and the dose given were different 
from his, as was also the method of procedure in certain particulars. It 
appeared to us therefore that the following note may have some 
interest. 

Three experiments were carried out, dogs being used. The 
animals were brought into a condition of nitrogen balance and on 
certain days pituitary substance was either added to the. diet, or 
substituted for an equal weight of flesh; or again the N-equivalent 
in flesh of a given amount of pituitary sabinbanive ‘was stopped and the 
latter substituted. - 

The material for two of the experiments was obtained fow. the 
horse, for the third experiment from the calf. In one of the feeding 
periods of this latter experiment sheep’s pituitary was given. | 

. The whole gland was used. It was taken fresh from the recently 
killed animal, cleaned from extraneous tissue, and chopped into a fine 
creamy pulp on a chopping board. In the earlier periods, to facilitate | 
drying, this was mixed with a little finely powdered dry bread-crumb 
and the whole dried in a hot-air oven at 45° to 50°C. Afterwards the 
_ bread-crumb was omitted, the pulp being simply spread i in thin films 
on glass plates and dried as' before. 

: In both cases the dry preparation was Preserved in well-corked 
sealed with paraffin. 

The urine was drawn by sterilised gee catheter every morning 
in Expa. land2 

Ia 3, the vathoter was ‘passed’ morning and evening. 


This Journal, xxx. p. 270. 1904.. 
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Exp. 1. The following table gives the average figures for nine — 
different periods. The diet consisted of mixed lean flesh: 50 grs., 
dried bread-crumb 40 grs., fat 10 grs. given in one meal. Periods 
L,, V. and IX. were ‘ normal,’ no pituitary substance being given. During 
periods II., III, and IV. pituitary preparation from the horse—mixed 
with bread-crumb—was substituted for an equal weight of flesh in 
increasing doses of one, three and four grs. per day respectively. During 
periods VI, VIL. and VIII. doses of one, two, and three grs. respectively, 
were added to the diet. | | 

The nitrogen value of the diet was 2'2357 grs. expressed as N ; of 
the pituitary preparation per gramme of substance, 0°0361 gr. N. 


Taste 1. Averages from Eup. 1. 
In this and other tables the phosphates of urine are expressed as P,O,. 
II. One gram pituitary preparation (horse) substituted. — 4 
5 19950  1:7320 . 0280 22485 02930 19505 80 7 63 | 
III. Three grams same pituitary substituted for 8 grams flesh. eee 
6—9 19925 17220 22503 0-2930 19668 765 7 6% 
_ IV. Three grams same pituitary substituted for 4 grams flesh. 
10—14 20380 17280 0341 22311 02930 19881 725 7 
Vv. Normal. | 
156-19 21714 18980 22357 02675 1-9682 57 
20—21 22960 20870 0:394 22717  0-2580 62 
VII. Two grams added to diet. 
2-28 24445 21785 0386 
27—29 24860 2°1933 0362 22357. — 19825 72 6 153 


20549 «8645 «OO 


The chief results shown by the above averages are (1) a progressive 
increase, during the pituitary feeding, in the excretion of urinary ni- 
trogen and also of urea, beyond the average of the first. normal period ; 
(2) a similar increase in the excretion of phosphorus; (8) the increased 
exeretion of nitrogen and phosphorus did not at once abate during the 
‘inter’ and ‘post’ pituitary normal periods; (4) the nitrogen balance 
which was positive in the prepituitary normal period became negative in 
all the others, including the ‘inter’ and ‘ post’ pituitary normal periods ; 
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PITUITARY FEEDING. 


(5) the quantity of urine showed an increase at first, but this afterwards 
disappeared. These facts are more clearly shown in the ay ti 
abstract from the table. . 


Pitwitary Effect : 


N excreted | N absorbed 
above ‘normal’ above (+) e(+) | 
Period Total N Urea N 
0-2980 0-314 (-) 0-320 (-) 0°0445 0-014 
{036 0804 (-) 00162 (-) 00862 0-060 
IV... 0°3410 0°310 (-) 00444 (-)00999 0-075) 
0-4744 0-480 (-)00143: (-)02182 0-099 
VI. 05990 0-619 (+) 00462 (--) 02678 0-198 
Vil. it 0755 (++) 0724 (—) 03896 | 
VIII. 08953 08813 (+)01086 (~) 05012 0-093 } 
Ix, 07890 0°7753 ‘normal’ (-) 0°5085 0-096 


Exp. 2. Observations were also made for nine periods, I., V. and IX. 
being ‘normal,’ as in Exp. 1. The diet consisted of minced lean flesh 
100 gra, dried bread-crumb 60 grs. fat 30 grs. During periods 
II., II. and IV. pituitary preparation (horse) in doses of two, six, and 
six grs. was substituted for two, six, and eight grs. respectively _ of 
flesh. In periods VI., VII. and VIIL, three, four, and six grs. 
respectively were added per day to the ‘ normal’ diet. The nitrogen 
value of the diet was 4°0626 grs.; of me pituitary — 00361 
grs. N per gr. 

TABLE 2. Averages fron Eup. 2. ae 


I. Normal. 


1-8 80150 25950 0-473 40626 05548 083 
Il, Two grams pituitary preparation (horse) substituted for 2 grams flesh. bie 
4 81220 26460 0-550 40781 0:5805 34976 190 27 124 
Six grams same substituted for 6 grams fiesh, 
5—S 381060 27040 0500 41091 05805 35186 225 27 123. 
IV. Six grams same preparation substituted for 8 gramsflesh. 
9—13 8°2840 2°7860 0481 40524 05806 34719 209 27 11 
V. Normal. 
14—18 38°256 2-7730 0581 40626 05148 38-5478 . 1694 27 8 
VI. Three grams added to diet. ge 
19—20 34090 26980 0545. 41710 05158 36552 152 27 64 
VII. Four grams added to diet. . : 
21-22 33980 29620 0570 42072 05158 386914 142 5} 
27 64 
27 
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> 


The same general results are shown as in Exp. 1, but in a less 
pronounced degree. ' This. applies to the.excretion of total N, of urea N 
and of phosphorus. The nitrogen balance was pusitive throughout, till 
the last ‘normal’ period, when it became negative. Except in this 
particular, there was a tendency during this period to revert to normal 
prepituitary conditions even more marked than in Exp. 1. The quantity 
of ‘urine showed on the whole a gradual decline unaffected by the 
giving or withholding of pituitary substance. The total loss of weight 
was about the same as in Exp. 1, but in proportion to the size of the 
dog was much less. The ne — of Table 2 illustrates these , 
remarks. 


Pituitary Effect: Abstract from Table 2. 


N excreted above  Mabsorbed 

ee, ‘normal’ in grs. above (+-) N balance P,0; excreted 
— normal above ‘normal’ 
Period . Total N Urea N- ‘normal’ in grs. = +-0°40933 gr. in grs. 
0-109 (+) 00103 + 04196: oon } 
IV. 0°219 0°191 (-)00864  +03379  0°008/7 
0-241 0-178 (+) 0°0895. + 02918 . - 0-058 
VI. (0°894 0-303 (+)0°1469° + 02462 0°072 
vil. 4 0383 (+) 1831 + 0/2984 oor | 
VIIE. AO-788 «0-626 (+) 02554 + 00607 - 06-0907 
TX. 0671 + +|} j§‘mnormal’ - 00117 0-047 


_ Exp. 3, The pituitary substance given during the greater part of this 
exp. was obtained from the calf. This was done in order to test the 
activity of material obtained from a growing animal. The observation 
periods were five, the first and fifth being normal. The diet consisted 
of lean minced flesh 120 grs., bread-crumb 130 grs., fat 50 grs. A 
liberal diet was purposely given to bring the animal into a condition of 
increasing weight before administering the pituitary substance. 


During period IT. sheep’s pituitary ; was used, during periods ITI. ‘and 
IV. calves’ pituitary. 


The dose in each case was one gr. perday. The N-value of the 


sheep's pituitary was 0°1114 the calves’ 01104 gr. 
per gr. of substance. 


_ The nitrogen value of the diet was 6:0609 gr. 
for tthe five are in the allowing table. 
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PITUITARY FEEDING. 193 
Taste 3. Averages from Exp, 3. 
: 
1-6 47670 89470 08630 60609 0990 650709 364 1780 
II. One gram sheep’s pituitary added to diet. ee 
7—8 50470 4°1980  0°8537 61723 1:120 50523 3877 17°90 
III. One gram calves’ pituitary added to diet. 
9—11 51502 40906 09350 61713 1:120 65-0573 #352 17°70 
IV. One gram calves’ pituitary added to diet. | 
12—14 63410 4°2840 10668 61713 1120 847 17°80 
V. Normal. | 
40486 09540 66-0609 0°881_ 866 —«17-90 


REMARKS. 

The effects produced:by calves’ pituitary were more immediate and 
more pronounced, for the duration of feeding, than in either. of the 
_ previous experiments. This applies to the total N, the urea N and 
the phosphorus. The N balance which was distinctly positive in the 
first normal period almost disappeared under the influence of the sheep’s 
_ pituitary, and became negative when that of the calf was given, reverting 
once more to positive when the substance was stopped. 

A reversion towards the original normal conditions was also seen in 
the output of nitrogen urea, and phosphorus. The body-weight declined 
during the pituitary feeding and increased again during period V. As in 
Exp. 1, the quantity of urine showed a moderate increase followed by 
a decline. | 

The éxtent of these effects is shown in the following abstract. So 
far as the results of one experiment may be relied upon, it seems clear 
that the pituitary of the young animal is more active. 


‘Pituitary Effect: Abstract from Table 3. 


N excreted above 


N 

; ‘normal’ in grs. above (+) N balance P,O; excreted 
of “Total N Urea = +0°2839 - in gra. 
Sheep 02800 0:2460 (=) 0°0186 (+) 0°0053 small 
Il. Calf 0°3832 0°1526 (—) 00115 (-) 0°0989 0°0720 

IV. Calf 05740 (—) 00115 ( +) 0-2897 0°2033 
Vv. 00017 0:0966 + .0°1081 (+) 0°4108 0-0910 


| 
4 

| 
The following chart illustrates in curve form the daily excretion of 3 
total N, of urea N and of phosphates (P,0,), in the urine of Exp. 3. _ 
The rise in output during the pituitary feeding is obvious, also another q 
| feature not shown in the averages, namely, a great fluctuation from day 9 
13-2 
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to day, seen to a certain extent in the prepituitary period, but much 
exaggerated when the substance was given. The phosphates are but 
slightly affected. 


GAMS, BEFORE. | DURING. | AFTER. GRMS. 
6 60 
55 5 
TOTAL-N 50 

5-0 
5 WM. 

4-0 

35 3:5 
30 3-0 
Boby 
es cv 
20 2-0 
15 5 
10 
5 


4.56 789 Wh B 4 16 17 18 Das 


- Fig. 1. 
data of Exp. 3. 


‘The wattion from which the curve of body-weight starts is chosen 
arbitrarily to represent 17 kilos, the space for fluctuations between the 
abscisse at 2 and ad is ‘given the ‘veluc of 50 grs. 


substance (whole gland dried at 45°—50° C.) stimulates 
metabolism in the dog to an increasing degree even when the dose is 
kept the same. This is shown in the output of total nitrogen, of urea, 
and to a less degree of phosphates in the urine. It is also seen in 
a decline of body-weight, even when the latter has been going up 
beforehand. ‘The quantity of urine is but little influenced. The effects 
do not immediately subside when the pituitary is left off. They are 

more pronounced when gland substance from a young animal is given. 

With fresh gland substance, given in larger doses, Malcolm obtained 


analogous effects on nitrogenous excretion, but not with dried 
yaterial, 
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PITUITARY FEEDING. 


PROTOCOLS. 


Ex. 1. Dog, 7 lbs. 8 ozs. Diet: lean minced beef 50 grams, bread-crumb 40 grams, 


comes N value of diet, 22357 grams. 


Urine 
Date “Ge... 
92. ry. 08 1-680 1-445 
73 1°841 1°505 
4. 60 1-666 
64 1°722 1°438 
68 1578 1°323 
” 
Ma 80 1°995 1°732 
” 99 
1°3331 grams, pituitary 0°1084 gram. 
64 1-918 1°631 
eae 74 1°956 1°722 
9 - 2°0380 1°818 
1. vy. 03 78 2°065 1°722 
9 
1 “3049 grams, pituitary 0°1084 gram. 
69 1°970 1°725 
96 2°1385 
65 2030. 1°750 
60 2°016 1°708 
56 1°827 
54 2°107 1°827 
9. 56 2-191 1°897 
58 2°240 1°756 
60 2°254 1-984 
» 9 Pituitary added to diet, 1 gram. 
63 2°226 1-988 
61 2°366 2°086 
» +9) Pituitary added to diet, 2 grams. 
66 2°383 2°121 
63 2°506 
eee gk Pituitary added to diet, 3 grams. 
16. ” 58 2-632 2°B45 
56 2°611 2°299 
58 2°534 2°254 
» 9 Pituitary stopped, normal diet resumed. 
19. ” 72 2°530 2-198 
5, 2°429 2-051 
75 2°331 


ing 


0-255 


0-297 
0-250 
0-280 
0-250 


0-280 


0°327 
0°382 
0°325 
0-820 


0°370 
0°320 
0°325 
0°350 


0°340 
0-380 


. 0372 


0°375 


0°388 
0-400 


0°372 
0°400 


0°390 
0-365 
0-322 


0°375 
0-330 


0°380 


Diet: pituitary preparation (horse) 1 gram, 
as before. N value, flesh 13896 grams, pituitary 00361 gram. 
0°2930 


Diet : pituitary 3 grams, lean beef 47 grams, otherwise same. N value, 


: 


Diet: pituitary 3 grams, flesh 46 grams, otherwise same. N value, 


Analysis lost: food vomited, pituitary stopped, normal diet resumed 
2°065 0:360 
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Exp. 2. Dog, 28 lbs. Diet: lean beef 100 grams, bread-crumb 60 grams, lard 30 grams. 
N value, flesh 2°8359 grams, bread 1-2267 grams. Pituitary preparation of horse used. 


Total N Urea N _ Average pet 

Date in cc. in grs. ingrs. dayingrs. tbs. & ozs. 

18.v.08 210 8108 (2716 28 0 

298 2-968 2576 27 144 

20. ,, 238 9968 0-400 97:15 


be pituitary preparation 2 grams, flesh 98 grams, otherwise same. N value, 
pituitary 0-0722 gram, flesh 2°7792 grams. 
21. ” 190 8-122 2°646 0°550 0°5805 27-125 


» Diet: pituitary preparation 6 grams, same. N value, 
pituitary 0-2166 gram, flesh 2°6658 grams. : 


8164 2°786 0°550 
236 2°905 0-470 27 18 
170 3°178 2-744 0-520 27 134 
s+. oe pituitary preparation 6 grams, flesh 92 grams, otherwise same. N value, 
pituitary 0'3166 gram, flesh 9°6001 grams. 
170 3-262 2-905 0-470 27 124 
3-304 2°849 0-490 27 124 
272 3°122 2°660 0-470 27 11 
29. ,, 178 3-248 2°758 0-560 27 11 
220 3-234 2°758 0-415 27 
» 9 Pituitary stopped. Normal diet resumed. 
158 3°860 2°814 0-520 27 8} 
1. vi. 08 166 3-164 2°716 0500 ° 27 8} 
170 2°653 0-610 27 8 
177 8-318 0°505 & 8 
176 8-332 2°828 0-520 27 8 
» Pituitary added to diet, 3 grams.. 
142 2°856 -0°585 64 
6 162 8-444 2-940 0-555 64 
» »» Pituitary added to diet, 4 grams. ens 
160 8°487 2°940 0°575 27 6. 
124 3°860 2°884 6 
» 9, Pituitary added to diet, 6 grams. 
127 8°752 3-808 0665 27 7 
121 8°717 8-192 0-620 E 27 6} 
124 8°640 0-505 27 64 
7.7 
0-505 27 
0-530 277 
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Exp. 3. Dog, 17:5 kilos. Diet: lean flesh 120 grams, bread-crumb 130 grams, lard 
50 grams. ee Pituitary of sheep 


and calf used. 
Urine 
16. rv. 05 875 4-613 8794 17°50 
865 4-956 4067 0-847 17-80 
880 4-522 3-696 0°850 17°80 
16. 395 4-942 4-165 0-780 17:90 
825 4774 8055 0-945 
eo. B45 4°795 4-000 0-912 17-90 
no» Dried pituitary of sheep, 1 gram (N valne=(0-1114 gram) added to diet, 
855 4°592 8766 795 17-90 
3. 400 5-502 4-620 0-912 17°90 
855 4-690 3-808 0887 17-70 
%6. 320 5-194 4291 1-095 S 1966 
‘yy Same pituitary continued for second period of 8 days. 
355 5-587 4-627 1-022 17°80 
8. ,, 305 4-949 3°843 1-057 17°80 
9. ,, 380 5°587 4382 1-120 17-80 
Pituitary stopped, normal diet resumed. 
80. 870 8-493 0-9775 
1. v. 05 835 0°872 17°95 
335 5208 0-932 17°95 
405 


1-037 18°00 
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THE UNIFORMITY OF THE HOMOGENTISIC ACID 
“EXCRETION IN ALKAPTONURIA. By ARCHI- 
BALD E. GARROD anp T. SHIRLEY HELE. : 


(From the Laboratory for Chemical Pathology, St Bartholomew's 
Hospital.) 


THE recent work of Otto Neubauer and Falta! has left little room 
for doubt that homogentisic acid is an intermediate product of normal 
metabolism, and that the error which underlies alkaptonuria is no 
perversion of the body chemistry with the formation of abnormal pro- 
ducts, but is an inability to carry the destruction of the aromatic 
fractions of proteids beyond this stage. 

This being so, the question presents itself whether the failure to deal 
with homogentisic acid is complete, or whether the power of so doing 
is impaired to different extents in different cases. In a paper published 
in 1902, it was pointed out by one of us* that the average daily excretion 
of homogentisic acid was fairly uniform in the cases up to then examined, 
and that, “as far as our knowledge goes, an individual is either frankly 
alkaptonuric or conforms to the normal type; that is to say, excretes 
several grammes of homogentisic acid per diem or none at all.” Since 

that time the researches of Langstein and Erich Meyer, and the still 
- more elaborate ones of Falta, have placed our knowledge of the limits 
of homogentisic acid excretion upon a far more exact footing. Lang- 


stein and E. Meyer’ determined the quotient which 
will henceforward be spoken of as the H: N quotient, for the urine of 


an adult male alkaptonuric in the Clinic at Basle. It at once became 
apparent from the quotients obtained that the tyrosin of the proteid 
broken down did not in itself suffice to yield the quantities of homogen- 
tisic acid excreted, and that some other proteid fraction, presumably 


1 Zeitschr. f. physiol. Chem, xum. p. 81. 1904. 
.* The Lancet, 1. p. 1616. 1902. 


* Deutsches Archiv f, klin, Med. uxxvut. p. 161. 1908. 


peg 
. 
j 
” 
4 
e 
tx 
ag 
ky 
= 
> 
oe 
a 
- 


ALKAPTONURIA, 199 


phenyl-alanin, must also be concerned. This inference was confirmed 
by Falta and Langstein', who showed that when phenyl-alanin was 
given, by the mouth, to the alkaptonuric patient the output of homo- 
gentisic acid was increased, just as is the case when tyrosin is so given. 
The H:N quotients proved to be fairly. uniform from day to day, 
provided that the quality of the diet, and the proportions of its several 
proteid constituents remained unchanged, and mere changes in the 
quantity of proteid food taken had no effect upon the quotient. The 
quotient was conspicuously raised when tlie diet consisted of milk and 
plasmon, as might be expected from the large proportions of tyrosin and 
phenyl-alanin contained in casein, and then averaged 62H:100N; 
whereas on a mixed diet of an ordinary kind the average quotient was 
44: 100. 

Falta* afterwards kept the same seeneentia subject. under obser- 
vation for many months, and his researches, which included estimations 
of the nitrogen of the food and feces as well as of that of the urine, 
confirmed and amplified the results of Langstein and E. Meyer. They 
brought out clearly the dependence of the H:N quotient upon the 
nature of the proteids taken, and by superposing known quantities of 
individual proteids upon a constant diet, he was able to estimate the 
resulting increase of the nitrogen and homogentisic acid output, and so 
to determine approximately the H:N quotients for the several proteid 
materials, These quotients ranged from 54°6 : 100 for casein to 21: 100 
for egg albumin, and the quantities of homogentisic acid excreted 
corresponded fairly closely to what was to be expected from what is 
known as to the percentages of tyrosin and icone davcaes in the several 
proteids experimented with. 

On a mixed diet the average quotient was 41 : 100; sate lower than 
that obtained by Langstein and Meyer ona diet of somewhat different 
constitution. 

The approximate constancy of the quotient with a constant: diet, 
its fluctuations when different proteids were given, and the fact that the 
homogentisic acid output corresponded to what is known as to the 
amounts of tyrosin and phenyl-alanin in the proteids taken, led Falta to 
conclude that, in the Basle case at any rate, the failure to destroy homo- 
gentisic acid was complete, and that the quantity excreted represented 
the whole of the aromatic fractions of the proteids broken down. He 
adds that the nearly uniform excretion in the cases of adult alkapton- 


1 Zeitschr. f. physiol. Chem. xxxvu. p. 513. 1903. 
2 Deutsches Archiv f. klin, Med. uxxxt. p. 231. 1904. 
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urics up to then recorded (about 5 grammes) suggests that in’ other 
cases also the metabolic error was complete ; but in default of estimations 
of the nitrogen output no definite conclusion on this point could be 
arrived at. It therefore becomes a matter of no little interest to ascer- 
tain whether a uniform H:N quotient obtains in all cases; in other 
words, whether, as the result of the breaking down of a given quantity 
of a given proteid, all alkaptonurics excrete the same quantity of homo- 
gentisic acid. It would be more satisfactory if the quotients could be 
determined for a standard diet of the simplest kind in all cases, but, as. 
matters are, the only available standard for comparison with the cases 
already published is a mixed diet. 

In a paper by O. Schumm? published in 1904 are given some 
3 doveiuiieisians of the H: N quotient in the case of a second adult male 
alkaptonuric subject. The average quotient on a mixed diet was 446: 100, 
which agrees well with the figures obtained in the Basle case, and leaves 
no doubt that the error was of the same degree in these two individuals. 
The effect of casein in raising the quotient was equally conspicuous in 
Schumm’ s case, 

In the brief report of the case of an alkaptonuric child, aged 4 years, 
shown by Prof. Dietrich Gerhardt* at a meeting of the Aerztlicher 
Bezirksverein zu Erlangen, in 1904, it-is mentioned that upon a diet 
poor in proteid the child excreted 3-4 grammes of nitrogen and 1-2_ 
grammes of homogentisic acid daily ; on a diet rich in proteid 8 grammes 
of nitrogen and 3°5—4 grammes of homogentisic acid. Unfortunately no 
further details bearing upon these points are given, but the quotient 
was clearly very similar to that obtained in other cases. Eight grammes 
of nitrogen to 3°75 ance of homogentisic acid gives a quotient of — 
100. 
~--As further determinations for yet other cases of slbantecacla were 
obviously to be desired, arrangements were made for the admission to 
hospital of the two brothers who have been under observation by one of us 
from their infancy, and who have now reached the ages of 8 and 4 years 
respectively. The observations upon the elder brother, Thomas P., 
extended from April 5th-15th, 1905, and those upon the younger, 
Albert P., from June 6th-15th, 1905. 

~The diets of the two children were the same in quality, but the 
proportions of — several constituents were not — the same, as will 


1 Miinchener med. Wochenschr. 11. p. 1599. 1904. 
* Ibid. 176. 1904. 
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be seen from the following table, which shows the proportions of the total 
nitrogen intake contained in the chief articles of food given. ; 


T.P, ALP. 
Milk 44-1 48°8 
Bread 
Mutton 174 
Other articles 7 
Total nitrogen of diet : 13°819 grs. 8-978 gre. 


‘Ne both cases the diet given was more generous than that to which 
the children were accustomed. T..P. retained nitrogen and gained 
weight throughout his stay. The weight of A. P.. was revanaaaes | 
constant during the second half of the period. : 

The nitrogen of the food, urine, and feces was estimated by 
Kjeldahl’s method, and in the case of the urine the results so obtained _ 
were checked by estimations of the urea.’ For the estimation of the 
homogentisie acid the method of Wolkow and Baumann, by the 
reduction of silver nitrate in the presence of ammonia, was employed. 
The ammonia used was in 3°/, solution, as prescribed in the revised 
_ description of the process. ‘The time allowed for the reduction was, in 
every instance, five minutes. 

In a separate paper, by Dr Hurtley and one of us’, it is shown that, 
_ when the method is so carried out, the reduction is by no means complete 
in the time allowed, and that to obtain correct results more concentrated 
ammonia must be employed. Any hesitation to publish our results, in 
view of these observations, was removed by the consideration that only 
figures obtained as ours had been would be comparable with those of — 
previous observers, who had presumably used about 3°/o ammonia. 
Moreover, it appeared that with different specimens of urine the per- 
centage of error was fairly constant. It need only be mentioned here 
that the true quotients are considerably higher than those hitherto 
worked out. 

Tho resulte obtained in the cases of T. and A. P. veupeetivels arn 
embodied in Tables I and IL. | 

In Table III the quotients obtained, during periods of mixed diets, 
in the cases hitherto studied from this point of view are brought into 
comparison with each other. The figures in the first four ononme all 
relate to the Basle ‘case. 


See page 206. 
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+51 
+53 


. 48 grms, of plasmon given on this day. 


A. P., aged 4 years. — 


5°620 
8-781 


6°860 


0°047 
1°797 
0°7 


1 
i 
0°761 


+3°4 
+18 
+2°2 


$23 


+0°98 
+19 


the average quotient for A. P. rises to 50°6 : 100. 
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100 


48°4: 100 


47°6 
44°9; 


52°7 


50°7 


100 
100. 


:100 
48°8: 


> 100 
45:4; 
54°83: 
53°5: 


100 
100° 
100 


In the T. P series ‘the day on which a dose of plasmon was given 
and the following day are omitted, even the quotient of the third = 
(44°4) may still show the effect of the plasmon. 

During the first day or two after a change of diet. smentiness 
fluctuations are apt to occur, and on this account in T. P.’s case the 
observations were not begun until the third day. In the case of A. P. 
this interval was not allowed to elapse, and in the comparative table 
the quotient for June 6th (59°5) has been omitted as it was probably 
influenced by such a fluctuation due to change of diet. 


If it be included 


4 T. P., aged 8 years. 
“i Volume N in Nin Nin — 

% of urine food urine feeces N balance in urine H:N 

a in ¢.c. in grms. in grms. in grms. in grms. in grms. quotient 

620 6591 0°785 4+6°4 2-889 48°8 : 100 

750 7455 +57 2-969 : 100 

1000 79380 0° +5°29 2°845 : 100 
1000 9-800 0°39 +8°6 3-918 40°0 : 100 

a 900 8°765 +46 3°308 87°7 : 100 

900 19°4 10°154 0-190 +9°0 4°788 47°2: 100 

q 750 188 9884‘ +2°4 4*114 416 : 100 

3 1000 9-302 0 3-340 359 : 100 

775 8°176 po 8-164 88°7 : 100 

7 750 7954 0: 8°495 43°9 : 100 

4 6°770 8°435 

6-563 3°568 
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during periods in which mixed dict was taken. 


\ Anton M. at Basle, aged 50 years 
46:100 86:100 48°1:100 400:100 44:5:100  48°8:100 48°4:100 
44 42 449 88°0 42-2 39°9 476 
42 38 40°8 40°5 47°6 39 
42 84 44°83 408 40-0 
43 34 50°4 . 41°1 49°5 87°7 48°8 
46 40 44°5 42°9 444 50°7 
46 53 40°9 _ 45°8 85°9 45°4 
44 40  40°8 413 54°3 
45 41°8 439 88% 


44:100 41°6:100 44:100 440:100 400:100. 49-6:100 


A comparison of these series of quotients strongly suggests that in 
all four eases the alkaptonuria was of like degree, for when it is borne 
in mind that no uniform standard diet was adopted the similarity of the 
figures is very striking. 

_ At first sight it would appear that whereas the quotients for T. P. 

are strictly normal, those for A. P. are unduly high, but when the large 
proportion of casein in the diets is taken into account, one is led to the 
conclusion that if anything the quotients for T. P. are unduly low, 
whereas those for A. P. are such as were to be expected with the diet 
taken. There can be no question that there is a distinct tendency for the 
quotients to range higher in the A. P. than in the T. P. series. Among 
_ other factors which may have contributed to this result is the larger 
proportion of milk in the diet of A. P. than in that of T.-P., its nitrogen 
contributing in one case 48°/, and in the other 44°/, of the total 
nitrogen. 

At Dr Falta’s suggestion we. obtained further specimens of the 
urine of the two boys, and estimated the total and aromatic sulphates, 
in view of the possibility that in the case of T. P. a larger portion of the 
aromatic fractions of the proteids might have been changed in the 
intestine as the result of undue bacterial action in that locality, and 
might so have escaped excretion as homogentisic acid. 
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The results obtained were as follows :— 
P, Simple sulphate in 25 c.c. of uripe at BaSO,  0-0895 grm. 
Aromatic 


Ratio: 77:1. 

AP. ‘Simple sulphate in 25'c.0, of ‘urine at BaSO, 01419 grm. 
Aromatic ” ” 00159 ,, 
Ratio: 8°9: 1. 


From which it will be seen that the proportion of aromatic sulphate 
in T. P’s urine was somewhat - higher, but the difference is hardly 
sufficient to explain any marked differences in the quotients. 


It is possible that, as Dr Falta also suggested, a part of the tyrosin | 


was reduced to phenyl-propionic acid in the intestine, in which case the 
excretion of hippuric acid would have been increased and not that of 
aromatic sulphate. 

However, any ground for believing that the quotient for T. P. was, in 
the long run, abnormally low in comparison with that of other alkapton- 
urics was removed when, in October, 1905, we had further opportunity of 


determining the quotient in his case, for a period of four days, after an 


interval of six months. The = was of much the same quality as 
before. 

The results of these further eins are given in Table IV, and 
in addition to the quantities of homogentisic acid and the quotients as 
estimated with 3°/, ammonia we append the excretion of homogentisic 
acid as estimated with 8°/, ammonia, and corrected for uric acid, and 
also the amended quotients. These latter, which may be described as 
the trae are considerably than those hitherto 

Tam IV. Further upon Thomas P. 


With 8% ammonia With 8%ammonig 

of urine urine in urine H:N . in for uric . Hen 


Date. ince. in grms. in grms. quotient = in gtms. acid quotient* 


725 5°764 2°541 441: 100 2-960 2-870 49-8: 100 
420 7-409 8-568. 48:1:100 4-087 54°4:100 
375 8-479 44°7: 100 8-946 8897 50-1: 100 
650 9787 49°0:100 100 


Means 46°5:100. 52-8: 100 
__ quaint in thi ae based upon the estimations of homogentisi acid 


given in the previous tables. 
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In conclusion it should be mentioned that in two cases of alkapton- 
uria, recently recorded, the daily excretion of homogentisic acid was 
considerably 1 in excess of the ordinary quantities. 

In one of these, that of Schumm, already referred to, the large 
excretion (an average of 7°5 grammes) was obviously due to a diet 
unusually rich in proteids, as the output of nitrogen was correspondingly 
large, and the H: N quotient lay within the usual limits. 

The other case, that of a man aged 29, was recorded by Zimper’ in 
1903. The homogentisic acid excretion, as estimated by the silver 
method, was phenomenal, the daily average being ‘16°56 grammes, or 
thrice the ordinary quantity. In the absence of any information as to 
the nature of the diet and the excretion of nitrogen, no definite conclu- 
sions can be arrived at as to this case. 

The sulphate excretion, which was estimated for six days, amounted 
to an average of 2°77 grammes SO, per diem. This corresponds to 3:39 
grammes H,SO,, and if the excreted nitrogen stood to this in the ordinary 
ratio of 5:1, it would have amounted to 17 grammes, and the mean 
H:N quotient to 92°2: 100. Obviously such a proportion of homogen- 
tisic acid could not be derived from the aromatic fractions of the proteids 
broken-down, and such a quotient would involve a complete revision of 
all the current views as to the nature of sooaamas cok 


I. Except in Zimper’s case, the average excretion of iain 
aia in Observed cases of alkaptonuria has been fairly uniform, when 
allowance is made for the composition of the diet, the different ages of 
the patients, and the imperfection | of the method of éstiniation 
employed. 

2. In the four cases (or 5, including D. Gerhardt’ s) in which it 
has hitherto been determined, the H:N quotients have varied within — 
narrow limits, in = of the fact that no ror standard diet has been 
adopted. 

3. It is more than probable that there i is sale one degree of alkapton- 
uria and that as F'alta suggested, the error is complete, in the sense that 
the homogentisic acid excreted represents the whole of the — and. 
—- of the proteids broken down. | | 


* Ueber Dissert. 1903. 
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ON THE ESTIMATION OF HOMOGENTISIC ACID IN 
URINE BY THE METHOD OF WOLKOW AND 
BAUMANN, By ARCHIBALD E. GARROD anv W. H. 
HURTLEY. 


the Laboratory for: Ohemioa Pisthology St Bartholomew's 
Hospital.) 


In the course of a series of estimations of homogentisic acid in alkapton 
urine by the method of Wolkow.and Baumann it was noticed that 
the,zeduction was not completed in the allotted period of five minutes, 
and we were thus led to carry out a reexamination of the method in 
question. The estimations referred to were carried out in accordance — 
with the directions given by the late Prof. Baumann in his revised 
description of the method. 

For the purpose of our experiments we pospeied some pure 
homogentisic acid from the lead salt, and of this acid, which melted at 
146°—147°C., solutions in distilled water, of the strengths of 0°2°/, and — 


1 °/, respectively, were prepared. ‘These were titrated against a! silver 


~ nitrate solution, after the addition in the case of the 02 °/, solution of 
10 cc, and in that of the 1 °/, solution of 20c.c. of ammonia. : 
With a 28°, solution of ammonia :— 

10 c.c, of the 0°2°/, solution of homogentisic acid was found to reduce 
3°6 c.c. of silver solution in five minutes, ° | 

10 cc. of the 1°/, solution required 19-7 c.c. of silver solution, 

With 33°/, ammonia, which had been standardised just before use, 
the figures obtained were 3°6 with the 0-2 °/, solution of 
acid, and 19°5 c.c. with the 1°/, solution. 

‘The presence of a concentration error, due to more sepia reduction 
ee by the stronger solution of homogentisic acid, was evident; for the 
higher figure should have been 3°6 x 5=18 cc. instead of 19 5—197 Cc. 
Both figures were considerably lower than those obtained by Wolkow 


1 Zeitschr. f. physiol. Chem. xvi. p. 268. 1892. 
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and Baumann for watery solutions of the same concentrations, viz. 
4°75 cc. and 24 ¢.c. respectively. 

In his second paper Baumann mentions that their standard 
estimations were carried out with solutions of ammonia of the strength 
of 8—10 */, and we accordingly repeated the experiment with 8°4°/, 
ammonia. 

With this :— 
10 cc. of 0°2°/, solution of ical acid required 4°75 ¢.c. of 
silver solution, and 10c.c. of the 1°/, solution required 23°9 c.c. of silver 
solution. Results which are in complete accord with those of Wolkow 

and Baumann. 

5 °/, ammonia gave an intermediate figure, as will be seen from the 
following table, in which are collated the results obtained with ammonia 
solutions of 5 different concentrations. 


C.c. of silver solution :—With 28%, With 0, 
ver required lo 83%, With 5% With 84°, With 10%, Wolkow and 


0°2°/, solution of homo- : 
tion 
} 36 86 4-75 48 4°75 
1°, solution of homo- 


It was obvious that the error arose from the employment, in the first’ 
instance, of a solution of ammonia too dilute to allow of approximately — 
complete reduction in the five minutes allowed. With the more concen- 
trated ammonia not only did the results agree perfectly with those of 
Wolkow and Baumann, but the reduction was also practically 
in five minutes, and the concentration error had disap 

Baumann refers to some experiments of H. Embden’s, who found 
that the strength of the ammonia solution might be safely reduced to 
from 25—3°/,, but that if this limit were overstepped the reduction 
was too slow. He accordingly recommended the employment of 3 °/, 
ammonia in his revised description of the method, as, silver chloride 
being to some extent soluble in concentrated solutions of ammonium 
chloride, it is desirable to avoid the use of needlessly concentrated 
ammonia. 

When we came to repeat the experiments with solutions of 
homogentisic acid in normal urine, we found that with these the reduction 
was more rapid than with aqueous solutions, and that the error resulting 
from the use of 3°/, ammonia was not so great. Thus a 1°/, solution of 
homogentisic acid in urine, with 3°/, ammonia, reduced 21°4 c.c. of silver 
nitrate solution, instead of the 19°6 c.c. reduced by an aqueous solution 
of the same concentration. The percentage of error was thus reduced 


PH. XXXIII. 14 
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from 19'9°/, to 11:2°/,. That this was due to hastening of the reduction, 
and not to a mere postponement of the end reaction, due to the 
solubility of silver chloride in the presence of some constituent or con- 
stituents of the urine, was shown by the fact that no such effect was 
observed when 8°/, ammonia was employed. 

We next proceeded to estimate the homogentisic acid in specimens 
of the urine of an alkaptonuric child. These specimens were of widely 
different concentration. 


The numbers of c.c. of * silver nitrate solution reduced by 10 cc. 


of urine were as follows :— 


Specimen I. Specimen Il, Specimen ITI. Specimen IV, Specimen V. 


afternoon excretion cretion excretion 


ex excretion 
specimen of 725 c.c. of 660 .c. | of 420 ¢.c. of 875 c.c. 
With 8°/, ammonia 85 178 06 225 
With 8°%/,ammonia 43 20-2 28-6 
Percentage of error 11-7 14-2 12°7 118 


- It will be seen that with urine the concentration error is hardly 

noticeable, and that the percentage of error is fairly constant, about 12°/,, 
and differs but little from that obtained with a 1°/, solution of homo- 
gentisic acid in normal urine, viz. 11°2°/,. 

The figures which follow show the amounts, in grammes, of 
homogentisic acid excreted during the 24 hour a in the cases of 
samples IT, Ii, IV, and V. 1 

IL. IIL. IV. 

8%,ammonia 2541 4771 #8568 3-479 

_ As estimated with 8°/, ammonia 2-960 5415 4-087 3-946 


It is evident, from all that has gone before, that the use of 3°/, 
ammonia introduces a grave error into the method, and that the 
incompleteness of the reduction due to this cause must vitiate all results 
obtained by the method when so carried out. For Wolkow and 


Baumann’s factor (1 cc. of = silver solution = ‘004124 gramme 


of homogentisic acid) was determined with 8—10°*/, ammonia. Neverthe- 
less the reduction in five minutes, when 3°/, ammonia is used, appears to 
be a fairly constant percentage of the complete reduction, and there can 
be no question of the value of many of the results obtained by the use of 
the method. The accurate determination of the quantity of homo- 
gentisic acid excreted is often, from the physiological standpoint, of 
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less importance than the comparison of results obtained in different 
cases, or in the same case under different conditions. 

Some further points connected with the method call for mention. 

Thus when the reduction is incomplete in the allotted time, as when 
3°/, ammonia is employed, temperature has a conspicuous effect in 
hastening reduction, as we found when comparing the results obtairied 
with iced reagents and solutions with those of estimations carried out at 
the ordinary laboratory temperature of 17° C. 

As silver chloride is soluble to some extent in excess of hydrochloric 
acid, it is most important that the acid used should be sufficiently dilute, 
and should not be added too freely. Excess of hydrochloric acid holds 
up the precipitate of silver chloride and gives uncertain and unduly high 
readings. Neutralisation with other acids, such as acetic, is not to be 
recommended, for with them the reduction of colour is not obtained 
which, as H. Embden pointed out, so greatly facilitates the recognition 
of the end reaction when hydrochloric acid is employed. 

It is, probably, the best plan to add, from a burette, about. an equal 
volume of hydrochloric acid of equivalent strength to that of the 
ammonia employed, but the addition of an equal volume of 1 in 8 
hydrochloric acid to the filtrate answers very well. In no case should 
dilution with water, after acidification, be omitted, as any turbidity 
which may have been removed by an excess of acid will reappear on 
dilution. | 

As the supposed poverty of alkapton urines in uric acid is not borne 
out by more recent investigations, a correction should be made for 
the reducing power of this substance when great accuracy is aimed at. 

Three different specimens of urine, to which homogentisic acid had 
been added in the proportion of 0°2°/,, required with 8°/, ammonia 


5'1 cc. instead of 4°75 c.c. of solution for 10 c.c. of urine. 


With a 0°2°/, solution of homogentisic acid in a sample from the 
total urine of 24 hours of a healthy man with a broken leg, 10 c.c. 
reduced 5:1 cc, of = silver solution; and 10 cc. of a 1°/, solution of 
homogentisic acid in the same urine reduced 244 cc. of silver 
solution. In the first case the error was + 0°35, with the more concen- 
trated solution+0'4 cc. These figures agree very closely with the 
correction suggested by C. T. Mérner', viz. 0'3c.c. for each 10 cc. of 
urine. 

1 Zeitschr. f. physiol. Chem. xv. p. 257. 1892. 
| 14—2 
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CONCLUSIONS. 


1, In estimating homogentisic acid in urine by the method of 
Wolkow and Baumann, the ammonia used should be in 8°/, solution. 
With 3°/, ammonia the reduction is not complete in 5 minutes. 


2. Only when ammonia of such higher concentration is used, is the 
factor of Wolkow and Baumann applicable to the results. 


3. Great care should be taken to avoid the addition of too great 
excess of hydrochloric acid, as such excess masks the end reaction. 


- 4 The correction suggested by C. T. Mérner, viz, the subtraction 
of 0°3c.c. =A silver solution for each 10c.c. of urine, is as adequate 


as any sales correction can be for so uncertain a “e. as the 
amount of uric acid in urine. 
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DETECTION OF CHOLINE IN THE CEREBRO-SPINAL 
FLUID BY MEANS OF THE POLARISATION-MICRO- 
SCOPE. By Dr JULIUS DONATH, Lecturer of the Uni- 
versity ; Chief- -physician to the neurological department of St 
Stephen's Hospital in Budapest. (Eight Figures in Text.) 


SoME time ago I stated I had in view a new reaction for the detection 
of choline’. Since the work of Mott and Halliburton, Gumprecht, 
and myself the importance of the presence of choline in acute degenera- 
tion diseases of the nervous system has been more and more recognised. 
I have further shown that the same occurs after repeated epileptic 
convulsions, and have pointed out the importance of this observation in 
reference to the nature of the epileptic attack. I may mention that in 
addition to those already cited, confirmatory investigations have been 
published by S. A. K. Wilson, G. Rosenfeld, and more anand by 
I. H. Coriat* and Skoczynski’. 

That choline occurs in the cerebro-spinal fluid under these cir- 
cumstances can hardly now be doubted, for Halliburton and Coriat 
have pointed out that it can be detected not only by the solubility and 
crystalline form of its platino-chloride, but also by its behaviour to other 
alkaloidal reagents, and by its physiological effects. Nevertheless, a 
further, if possible more certain test for this alkaloid is desirable on 
account of the small quantities of cerebro-spinal fluid or blood which it 
is possible to obtain in clinical work. A platinum estimation of the 
double salt is hardly possible under these conditions. I therefore wish 
to bring forward an exceedingly delicate method, which consists in 
observing, with the polarisation microscope, the double re- 
fraction and chromatic polarisation which the platino-chloride 
of choline exhibits. 


1 Zeitschr. f. physiol. Chem. xu. p. 564. 1904. 

2 American Journ. of Insanity, 1908, No. 3; 1904, No. 4. 
Siteung. der Berliner Geek Ref. Neurolog. 
Centralbl., 1905, No. 1. 
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I use one of Leitz’ polarisation microscopes (as used by mineralogists), 
20—30 c.c. of the suspected cerebro-spinal fluid are taken, and from 
05 to lec. of a 5°, solution of pure potassium carbonate added in 
order to remove compounds of calcium, magnesium, and iron’. The 
precipitate so formed is removed by filtration and the filtrate evaporated 
to dryness on the water-bath. The residue is taken up with absolute 
alcohol, filtered, faintly acidified with hydrochloric acid*, and again 
evaporated to dryness. The residue is again taken up with absolute 
alcohol and filtered. To this is added a measured quantity (usually 
0'3 to 0°4 ¢.c.) of a 5 °/, solution of platinum-chloride in absolute alcohol’. 
The precipitate so produced is collected, washed with 1 to 3 c.c. of 
absolute alcohol, and then dissolved in a little (1 to 3 c.c.) warm water. 
To this solution 0°3 to 0°4 cc. of a 1°5%, solution of pure potassium 
chloride is then added. This solution of potassium chloride is of the 
same volume equivalent as the 5°/, solution of platinum-chloride, as- 
suming that 1 molecule of hydrogen platinum-chloride (PtC],H, + 6H,O) 
and two molecules of potassium chloride (KCl) participate in the 
formation of 1 molecule of potassium platino-chloride (PtCl,K,). 
This addition of potassium chloride is therefore more than sufficient to 
combine with any free platinum-chloride present, in order to form 
potassium platino-chloride, a substance which crystallises in the regular 
system. These crystals, as well as those of the excess of potassium 
chloride which ‘belong to the same system, exert no disturbing influence 
on the reaction‘. Any precipitate formed by the addition of the 
potassium chloride is filtered off. Drops of the solution are now, by 
means of a glass rod, placed on a series of 6 to 8 microscope slides, and 
these are put in a desiccator for 24 hours, at the end of which time they 
are completely dry. This time can be shortened by the use of the air- 
pump; the crystals thus obtained are however not well formed, and 


1 The removal of these materials, especially of calcium, is necessary in order to avoid 
the formation of platinum compounds which act on polarised light, and which would 
otherwise be present in the alcoholic precipitate and pass into the aqueous solution. 

* The acid serves to convert the choline and also the potassium carbonate into 
chlorides. The repeated evaporation has the object of favouring the precipitation of 
substances which are soluble in alcohol with difficulty. 

* Sometimes one obtains only an opalescence, not a precipitate, on the addition of the 
eer ene If this occurs the. mixture must stand 24 hours for sedimentation to 

‘ A partial replacement of the choline platinum-chloride by the potassium chloride has 
which are also doubly refracting. 
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often are even ball-shaped masses. The dry preparations are covered 
with cover-slips, and made air-tight with paraffin or sealing-wax 

With ordinary light or a single Nicol the microscope reveals vellow 
octahedral crystals (with the corners often rounded) of potassium platino- 
chloride, and colourless crystals of potassium chloride often arranged 
staircase-wise. With crossed Nicols, these two sets of crystals remain 
dark, whilst the crystals of choline platino-chloride are bright or 
coloured in the dark field. These crystals are of various forms, plates, 
rods, straight or curved needles, sometimes in bundles, and often rosette- 
shaped clusters of prisms which are often toothed. With ordinary light 
these crystals when thin appear colourless, but when thicker they vary 
from yellow to orange-red in tint. 

With crossed Nicols it may be seen that these crystals, which are 
doubly refracting, sometimes adhere to, or partly cover the singly 
.Tefracting ones of other substances. On rotating the specimen through 
45°, the doubly refracting crystals which were previously bright disappear 
from view, and those which were dark become bright and visible. This 
change between minimum and maximum illumination is ~~ with 
every rotation through the angle of 45°. 

According to well-known optical laws, only very thin crystalline 
plates or those of a certain thickness appear white, whilst those which 
are thinner than the latter show interference colours, One and the © 
same crystal, however, always shows the same interference colour 
. according to its thickness, for tint depends on the thickness of crystals 
and difference in their refractive index. In observations with sodium 
light, there is naturally only a difference between yellow and darkness. 
. In this way every microscopic fragment of the choline platino- 

chloride is rendered visible which by ordinary microscopic methods 
might escape detection owing to their transparency. They may be 
further characterised by the changes in illumination they undergo 


during rotation (see accompanying illustrations), Other doubly re- 


4 It is hardly possible to mistake cotton or linen fibres which also show chromatic 
polarisation for these crystals, The presence of these fibres (which, however, show a 
special structure) cannot be always avoided ; the paraffin also forms doubly refracting 
masses near the margin of the preparation. The light reflected from the surface of the 
larger crystals in oblique illumination must not be mistaken for a polarisation phenomenon. 
It is advisable to guard against oblique illumination by means of a suitable screen, or by 
shading the preparation with the hand. These reflections are easily recognised by the 
fact that they are only formed on the surfaces of crystals facing the light. On rotation 
Go show extinction snd are logs inteney then the 
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fracting substances which might occur in cerebro-spinal fluid, like urea 
(quadratic system) and dextrose (monoclinic system) need be hardly 
mentioned because they do not pass into the precipitate- caused by 


Fig. 2. 

Fig. 1. Synthetic platino-chloride of choline. These large crystals were obtained from a 
5 per cent, solution of choline hydrochloride. Single Nicol. The crystals are light 
in the light field. Magnification 75 : 1. : 


Fig. 2. The same preparation under crossed Nicols. In the dark field, some of the 
crystals are bright, others dark. 


Fig. 3. Fig. 4. 
Fig. 8. The same preparation when the Nicols are at an angle of 45°. The crystals 
_ previously dark are now bright, and vice versa. : 
Fig. 4, Tabes dorsalis, Crystals of choline platino-chloride prepared by my method 


from the cerebro-spinal fiuid. Nicol, The 
ear reaping Single crystals are bright in the light 
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adding platinum-chloride. The same applies to sodium platino-chloride 
which is easily soluble in water, but clearly does not belong to the same 
crystalline system as. the water-free potassium and ammonium platino- 
chlorides, but to the triclinic system, on account of its water of crystallisa- 
_ tion (6 molecules). In reference to sodium chloride, I found that in 


Fig. 5. Fig. 6. 
Fig. 5. Tabes dorsalis. The same preparation under crossed Nicols. The crystals are 
bright in the dark field. : 
Fig. 6. Paralysis progressiva. A preparation of choline platino-chloride from the 
cerebro-spinal fluid, Crossed Nicols. The crystals are bright in the dark field. 
Magnification 75 : 1. 


Fig. 7. : Fig, 8. 


Fig. 7. A similar preparation from a case of meningitis tuberculosa. Crossed Nicols. 
Fig. 8, Myelitis chronica. A similar preparation under crossed Nicols. 
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absolute alcoholic solutions it is not precipitable by a solution of 
platinum-chloride in absolute alcohol. In short, of all the hitherto 
described constituents of cerebro-spinal fluid (proteids, bilirubin, fat, 
dextrose, urea, cholesterin, lactic acid, iron, alkaline earths), some of 
which are doubly refracting, no single one passes into the precipitate 
produced by adding platinum-chloride. This precipitate contains, there- 
fore, only the platino-chlorides of potassium, ammonium and choline, and 
in the aqueous solution of it there is further the potassium chloride 
which is added. The aqueous solution contains therefore substances 
which belong only to the regular system. 

The occurrence of potassium and ammonium chloride which have 
interfered with the testing for choline by the platinum reaction 
hitherto, on account of their slight solubility in absolute alcohol, is 
a, circumstance which has lost its terrors, so much so that an actual 
addition of potassium chloride has become part of my ew and causes 
no difficulty when the polarisation test is applied’. 

In connection with choline platino-chloride, I would farther remark, 
that it has two optic axes, but.one can only demonstrate this in crystals 
of large size; such can be obtained from concentrated (5°/,) solutions 
of synthetic choline platino-chloride ; they show chromatic polarisation 
admirably. In crystals which lie so that their visible surface is 
perpendicular to the plane of the optic axes, one sees in the polarisation 
microscope between crossed Nicols the black hyperbolic crosses which 
belong to crystals with two optical axes. It is known that crystals with 
two optical axes belong to the three last crystallographic systems which 
are built on three unequal crystallographic axes. In fact water-free 
platino-chloride of choline crystallised from water is monoclinic 
(Rinne’, Jahns’), but according to Gulewitsch‘ crystals may even 
occur in all three systems, but from hot saturated dilute alcohol, it 
always crystallises with 1 molecule of water of crystallisation in regular 
octahedra’, 


1 It might appear perhaps simpler to examine the alcoholic faintly acidified fluid direct 
_ for the detection of the doubly refracting choline hydrochloride, without any addition of 
platinum-chloride. But the difficulty of drying such small quantities of this exceedingly 
hygroscopic salt, and keeping it dry under a cover-slip, forbids the use of this method : the 
presence of urea and dextrose would be another source of error in such a method. 

2 See T. Guareschi. Linfiihrung in das Studium der Alkaloide, Berlin, p. 148, 
1896. 
Ber. d. Deutsch, chem. Gesellsch. p. 2978, 1890. 
Zeitechr. f. physiol. Chem, 1898. 


5 The customary method of crystallising choline platino-chloride from 15 °/, aleohol 
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I have by the polarisation method examined 27 specimens of 
cerebro-spinal fluid removed by lumbar puncture from patients suffering 
from nervous diseases, ; the results are as follows:— ~ 


7 cases of Paralysis progressiva. 6 positive, 1 negative’. 


Myelitis chronica. All positive. 
eee Epilepsia genuina. 4 positive, 2 — 
1 case of Hystero-epilepsia. | Positive. 
8. cases of Meningitis tuberculosa. All positive. 
4  ,, Pabes dorsalis. All positive. 
1 case of Cephalalgia syphilitica. Positive. 
1, Paralysis spinalis spastica. Negative. 
1 , Newrasthenia. Negative. 


In the cases of epilepsy and hystero-epilepsy numerous convulsive 
fits preceded the examination, but the amount of choline found was less 
than in acute degenerative organic diseases of the nervous system. The 
case where most choline was found was one of meningitis, where 
a tumour of the cerebellum was also found. This agrees with my 
earlier observations on more numerous cases’. 


Addendum. The starting point of the discovery of this new method 
was the examination of the potassium iodo-iodide reaction, which seemed 
at first to be the most suitable method of detecting choline in the 
presence of alkaline chlorides. The dark brown flocculent precipitate 
produced dissolves easily when one attempts to wash it, and I have not 
succeeded in preparing it in a pure condition. It is easily soluble in 
excess of the reagent, in water, and in alcohol. Under the microscope, 
it also shows its characteristic lability.. If one takes a drop of potassium 
iodo-iodide solution, or better, as I have found, of barium-iodo-iodide 
solution’, and places it with a drop of choline solution on a slide, and 
covers the mixture with a cover-slip, the mixing of the two fluids can 
be watched microscopically; one then sees fine droplets form, out of 


does not exclude admixture with potassium and ammonium The 
solubility of these platino-chlorides in this reagent is respectively 4:16, 0-17, and 
0°76 per cent. 

1 In this individual, the fluid gave a positive result on an earlier occasion. 

2 Zeitschr. f. physiol. Chem. xxxrx. 1903. Deutsche ‘Geitschr. f. Nervenheilk. 
xxvm. 1904. 

3 A saturated solution of potassium or barium-iodide is saturated with iodine, and 
diluted with a quarter of its volume of water. Iodo-hydrogen-iodide and still less iodo- 
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which wtinballi needles and thicker prisms rapidly separate, especially 
in the parts where the two drops touch each other. The crystals 


however disappear very soon, even if the preparation is put in a desiccator. 
Dr Toborffy, assistant in the Mineralogical Institute at the University 
‘here, was good enongh to examine these. crystals for me, and found 
them too small for goniometric investigation; they are, however, 
_ doubly refracting and show marked dichroism (dark yellow and — 
black). 
The application of this last-mentioned property as a test for the 
detection of choline, seemed to me less suitable than an examination of 
the well-characterised platinum salt. Moreover, experience in the use 
of the iodine reaction led me to give it up;~for it was found that 
in cerebro-spinal fluids which contained sufficient choline to give the 
platinum test well, the iodine reaction often led to the formation of 
droplets instead of crystals. Even a 1-per cent. solution of choline 
hydrochloride gives a marked formation of droplets in addition to 4 | 
the crystals, and in more dilute solutions the proportion of droplets 4 
Meanwhile Allen' has published the results he has obtained by the : 
use of his reagent (30 per cent. alcohol saturated with iodine) He has — | 
thus provided an additional method for detecting the presence of 
choline. He also states that the red-brown precipitate or colouration 
produced by tincture of iodine disappears on standing, or in excess of 
the reagent. The method is far less sensitive than my polarisation test — 
and this probably accounts for some of his negative results. In cases : 
like meningitis and myelitis he could for instance detect choline in the 
blood but not in the cerebro-spinal fluid; by my polarisation method ; 
I have always been successful in demonstrating its presence in the | 
cerebro-spinal fluid in such diseases. 

With regard to the presence of choline in this fluid in epilepsy, 
I may in conclusion refer to the interesting results of Merzbacher? __ | 
which run parallel with mine. He found as a result of meningeal | 
irritation an increase of proteid matter and lymphocytes in the : 
cerebro-spinal fluid in paralytics, as other authors (including myself) 
have done. But he found in addition that leucocytosis occurs also in 
epileptics (8 out of 12 cases); sometimes - was ie — although 
not so greatly as in paralysis, 


1 Proc. Physiol. Soc. uv1. 1904. (This Journal, xxxt.) 
* Newrolog. Centralbl. 1904. No, 2. 
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One therefore sees, as I have already pointed out}, a certain de- 
gree of parallelism in the occurrence of lymphocytes, proteid, 
choline, and phosphoric acid in the cerebro-spinal fluid. 


In carrying out the foregoing research my best thanks are due to 
Hofrath Prof. Krenner for his kind permission to use the apparatus 
of the Mineralogical and Geological Institute of the University, and also 
to his assistant Dr Z. Toborffy and to Dr B. Mauritz for their help, 
and to Dr L. Dupuis, who has assisted me in the chemical part of the 
work. 


1 Zeitechr. f. physiol. Chem, 1904. 
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NEW TESTS FOR CHOLINE IN PHYSIOLOGICAL 
FLUIDS. By OTTO ROSENHEIM, Pa.D. (Two Figures 
in Text.) 


(From the Laboratory, King’s College, London.) 


In view of the importance of the presence of choline in the cerebro- 
spinal fluid and blood in cases of degenerative disease in the nervous 
system, as demonstrated by the researches of Mott and Halliburton, 
Donath, and others, it seemed desirable to examine critically the 
principal chemical test (that with platinum ——— which has been 
used for the detection of this substance. 


At Prof. Halliburton’s suggestion, I therefore undertook an in- 


vestigation of the solubilities-of the chlorides of potassium, sodium, and 
ammonium in absolute alcohol, and of their platinum salts in 15 
per cent, alcohol under the conditions employed in the platinum test 
for choline. In the course of this work, I came to the conclusion 
that these solubilities, although very small, were nevertheless such 
as to make, under unfavourable conditions, a contamination of the 
final choline platino-chloride with platino-chlorides of potassium or 
ammonium, a possible source of error. It is difficult to distinguish 
the crystals of these substances microscopically, and the application 
of other tests like the determination of melting point is excluded owing 
_ to the small quantities of material usually obtained. It was therefore 
necessary to search for other tests for choline, which are not given by 
salts of potassium or ammonium. | 

Three tests have been the outcome of this research. They may 
be briefly termed— 


1, The per-iodide test; this is a microscopic method. 
2. The alloxan test; a colour reaction. — 


3. The bismuth test; this depends on the ietetiin of a character- 
istic precipitate. 
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. 1. The Per-iodide Test. If a strong solution of iodine in potassium 


iodide’ is added to a preparation of choline platinum chloride crystals, 


a most characteristic change takes place which can be watched under 


_ the microscope. In the course of a minute or so, the yellow octahedral 


or prismatic crystals of the platino-chloride disappear, and their place 
is taken by dark brown plates and prisms in large quantities. Their 
growth may be watched, and they obtain sometimes a length of 0°8 mm. 
so that they can then be seen with the naked eye. They show marked 
dichroism (green and brown), and they have a superficial resemblance 
to the well-known hemin or Teichmann’s crystals. They are doubly 


refracting and appear light-brown in the dark field of the polarising 


microscope with crossed Nicols. If the slide is allowed to stand, so that 


* the liquid gradually evaporates, the crystals begin to disappear, and 


their place is taken by brown oily droplets, dr sometimes clear spaces 


showing the skeletons of the crystals are seen. If now a fresh drop 


of the iodine solution is added, the crystals gradually form once more, 

and their formation and disappearance may be watched repeatedly. 
From the manner of their formation and disappearance, it seems 

that we have here to deal with an unstable per-iodide of choline*. The 


action of potassium iodide on the platinum salt produces first of all 


the soluble iodide of choline; this enters into combination with excess 
of iodine to form the insoluble per-iodide crystals. On exposure to air 
this compound dissociates, the iodine evaporates, and soluble choline 
iodide is left, which will again form the per-iodide on the addition of 
more iodine. 

The platino-chlorides of ammonium and of potassium remain un- 
changed under the action of the iodine solution. | 

The important point of the test as above described is that it is 
applied to the platino-chloride. The reaction occurs, however, with the 
other salts of choline. It seemed therefore feasible to apply it directly 
to the residue of the alcoholic extract of physiological fluids. It was 
found, nevertheless, that the presence of other substances in this residue 


1 The composition of the solution which was found to answer well was: 2 g. iodine 
and 6 g. potassium iodide dissolved in 100 ¢.c. water. 

2 This crystalline substance seems to have been first observed by Griess and Harrow 
(Ber. d. Deutsch. chem. Ges. xvi. p. 717, 1885) who used it for the isolation of choline 
from hops and beer. In 1896 Florence (Arch. d’anthropol. crimin. x. x1.) published 
a test depending on the formation of such crystals on the addition of iodine to semen. 
He thought it was characteristic of human semen, It was shown, however, by Bocarius — 
(Zeitech. f. physiol. Chem. xxxtv. p. 889) that they owe their origin to the presence 
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rendered the test somewhat uncertain. It is therefore best to isolate 
the platino-chloride first; and for this purpose I followed the method 
described by Halliburton and Mott’, except that the use of really 


- absolute alcohol is not essential. The precipitate obtained by adding 


platinum chloride is dissolved in a few c.c. of 15 per cent. alcohol, and 
this solution after filtration is placed upon glass slides and evaporated 
at 40°C. Under such circumstances crystals of the platino-chloride of 
choline are found mixed with those of potassium and ammonium. On 
the addition of the iodine solution, the latter remain unchanged, but 


the crystals of the choline salt. even when present in small peaiitice : 


undergo the characteristic change already described’. 

It has been possible to detect choline in 20 c.c. of blood, when the 
choline has been added in the proportion 1: 20,000. When 5 cc. of 
blood containing choline in the proportion 1: 2000 are used, the whole 
field is covered with crystals, which can be seen with the naked eye. 


disintegration and the formation of oily droplets. 


2. The Alloxan Test. All the usual reagents employed to obtain 
colour reactions with alkaloids fail when applied to choline. It was, 
however, observed that a drop of 1 per cent. solution of choline 
hydrochloride, to which one or two drops of a saturated solution of 
alloxan (Kahlbaum) were added, gave on evaporation in the water-bath 
a beautiful rose-violet colour which changed to a deep blue-violet on 


1 Phil. Trans. Roy. Soc. oxor. 1899; Ibid. oxorv. 1901. 

2 ‘The platinum salts of other organic bases show similar changes, and yield character- 
istic crystals which differ from those of tholine per-iodide. oe re 
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the addition of sodium or potassium hydrate. Mineral acids discharge 
the colour. The reaction resembles the well-known murexide test for 
uric acid, Proteids in solution or in the dry state, as well as ammonium 
salts, also give the reaction ; but potassium or sodium salts do not, _ 

Tt can also be obtained from the choline platino-chloride, by adding 
to a concentrated solution of this salt a few drops of a concentrated 
solution of potassium chloride. The heavy precipitate of potassium 
platino-chloride so formed is filtered off or allowed to settle. In the 
latter case the supernatant fluid, in the former case the filtrate, is 
evaporated on the water-bath in a white porcelain basin after the 
addition of a few drops of a saturated solution of alloxan. The colour 
reaction then appears. _ 

The test may be applied to the detection of choline in cerebro-spinal 
fluid or blood by getting rid of proteids and other substances in the 
usual way, and then isolating the platinum salt. It is, however, 
essential that the latter should be free from ammonium compounds. 
This can easily be done by a slight modification of Halliburton and 
Mott’s method. The residue of the first alcoholic extract is taken up 
with acidulated water; lime water is then added until the reaction 
is slightly alkaline. This liquid is left standing over dilute acid, for the 
absorption of the liberated ammonia, or evaporated slowly on a water- 
bath, By this treatment all the ammonium salts are decomposed, whilst 
the choline present is not attacked. This was demonstrated by quanti- 
tative experiments in which known amounts of choline were added. 
The further treatment in the preparation of the platinum salt and 
application of the colour reaction is the same as before. The degree of 
-sensitiveness of this reaction is still being investigated. 


3. The Bismuth Test. Very little attention has been paid to the. 
reaction of choline with potassium bismuth iodide since the introduction 
_ of this reagent by Dragendorff in 1866, This is no doubt due to the 

small degree of sensitiveness the reagent is supposed to show with 
choline’. Dragendorff’s reagent contains a large excess of potassium 
iodide, and when the test is carried out according to his directions 
in a sulphuric acid solution, hydriodic acid is set free, and this 
exerts a solvent action on the precipitate. The delicacy of the reaction 
is enormously increased when a solution containing only the necessary 
amount of potassium iodide is used. I accordingly adopted the mode 

Jahresb. f. Chem. p. 1821, 1866. 
* Compare Gulewitsch, Zeitsch. f. physiol. Chem, xxrv. p. 519. 
PH. XXXII. 15. 
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of: preparation of the reagent given by Kraut’; this solution has the 
further advantage of keeping well. A drop of this solution added to 
1 of 2 cc. of a very dilute solution of choline gives at once a character- 
istic brick-red, amorphous precipitate; Dragendorff’s reagent fails to 
do this.or only produces the dirty brownish precipitate which it gives 
with distilled water alone. Kraut’s reagent also produces a brownish 
precipitate with distilled water, but in the presence of minute quantities 
of choline the bright brick-red precipitate is formed. The presence of 
: potassium or ammonium salts does not seem to have the slightest 
influence. Proteids, however, are also precipitated by this reagent, and 


have. therefore to be removed. For this purpose the physiological 


fluid to be tested is extracted with absolute alcohol, and this treat- 


ment is repeated several times with the residue of the extraction. 


The final residue is taken up with 2 or 3 c.c. of water, and then a drop 
of the reagent added. The limit of sensitiveness of the reaction has 
not yet been investigated, but a strong reaction was still obtained 


with the extract of 20 c.c. of blood containing choline in the dace 


20,000 : 1. 


Ina paper I hope to publish my results with shane tests 
when applied to the detection of choline in cases of disease. : 


‘choline (Zeitsch. f. physiol. Chemie, xiv1. p. 280) in which he describes the crystals 
formed by the interaction of choline and iodine solution. He studied the conditions 
under which they are formed, isolated and analysed them and found that they possess the 
composition of a choline-ennea-iodide of the formula C,H,,NOI.I,. He has also 


‘worked out 4 method for the quantitative estimation of So 


this compound. 


The expenses of this have been defrayed trom grant made to me by the 
of the Royal 


1 Ann. d, Chem. cox. p. 810. (A solution of 80g. bismith-subnitrate in 200 g. nitric 
acid (spec. grav. 1-18) is poured into a concentrated solution of 272 g. potassium iodide 


with water to 1 litre.) 
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- AN. INVESTIGATION INTO THE DIURNAL VARIATION 
OF THE BODY TEMPERATURE OF NOCTURNAL 
AND OTHER BIRDS, AND A FEW MAMMALS. 
By SUTHERLAND SIMPSON, ann J. J. GALBRAITH. 


(Thirteen Figures in Text.) 
(From the Physiological Laboratory, of Edinburgh.) 


In a communication read before the Royal Society of Edinburgh and to 
be published in the Transactions of that Society”, and in a preliminary 
notice in this Journal”, we showed that in the monkey there is a well-. 
marked and regular diurnal variation of the body temperature, and that 
by reversing the daily routine this diurnal variation is also reversed. 

The diurnal temperature curve follows the periods of rest and activity 
and is not dependent on the incidence of night and day; in monkeys 
which are active during the night and resting during the day, the body 

temperature is highest at night and lowest through the day. ? 

: In view of this fact we thought that it would be of interest to make 
observations on the temperature of animals or birds of nocturnal habit 
where the periods of rest and activity are naturally the reverse of the 
ordinary through habit and not from outside interference, in order to 
find out whether such forms gave a temperature curve comparable with 

those which we had got under artificial conditions in the monkey. In 

this country no nocturnal animals of suitable size are available and we 

had to make our observations on the owl. In order to have a series of 
curves with which to compare those got from the owl, we made simul- 

taneous observations on a number of ordinary diurnal birds of different 

species and on a few mammals. 

Our observations were made at two separate periods,—from July 14th 
to 21st inclusive, 1903, and from July 31st till August 8th inclusive, 
1904. In the first period we had the following birds:—two domestic 
fowls, male and female, mature (Dorking), and two bantams, male and 
female, mature, belonging to the order Gallide; two domestic ducks, 
male and female, mature,—Anatidw; two pigeons, male and female, 
15—2 
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mature,—Columbide ; two common seagulls, immature,—Laridz ; one 
thrush, probably mature,—Turdine; and two barn owls, mature,— 
Strigide. During the second period (July 81st to Aug. 8th, 1904) we 
made observations on the following birds and mammals :—four starlings, 
sex undetermined, immature,—Sturnide; two jackdaws, male and 
female, mature,—Corvide ; one song thresh; mature,—Turdine ; two 
sparrow - hawks and one kestrel-hawk, mature,—Falconide; four 
specimens of British owl, all mature, from two species, viz, :—two tawny 
owls and two horned owls,—Strigides ; three rabbits, one male and two 
females, mature, and two guinea-pigs, male and female, mature— 
Rodentia; and one dog, a male fox terrier, mature,—Carnivora. 

At that season of the year the weather was warm and all the birds 
and mammals were kept outside in compartments in a large open court 
covered with wire netting, under conditions as nearly normal as possible. 
They were supplied with the appropriate food for each species about 
9 am. and 7 p.m., but the owls, which remained hidden away in a hole — 
during the day, did not feed until night. The rectal temperature (not 
the cloacal in the birds) was taken in all cases, and the thermometer 
(an accurate half-minute clinical one) which was inserted to the depth 
of 6 cm. in the rabbits and guinea-pigs, and 8 cm. in the dog, was held | 
in position for two minutes. Records were made every three hours 
throughout the twenty-four, and precautions against the disturbing 
. effects of active muscular exercise were taken as in the case of the 

monkeys”. The temperature of the external atmosphere was recorded — 
- simultaneously. In 1903, we had some difficulty in keeping our owls 
and several died, but during the second period (1904), we did not expe- 
rience this trouble and those of the four used which we did not liberate 
are still alive and healthy at the date of writing—a year later. 

The temperature readings, as recorded at the time of observation, are 
given in degrees centigrade for each specimen in the following tables, 
with the dates and hours at which they were taken, but as they were 
made by the same observer (one from 9 am. to 9 p.m., and another 
from 9 p.m. to 9 am.) with the same thermometer and not simul- 
taneously, the hours of observation as given in these tables are not 
auanleeay accurate ; ¢.g., instead of 3 o'clock, it would be more correct 
to say “some time between 2.30 and 3.30,” for the time occupied often 


exceeded one hour. For our purpose, however, the times as stated are 
sufficiently exact. 
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observations on body temperature taken without 
interruption between 1 p.m. July 31st and 4 p.m. August 7th, 1904. 
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410 416 413 413 £4418 £414 4146 
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434 423 42% 417 4406 414 412 

429 422 419 414 422 400 414 «410 4 

422 434 413 #413 #4421 404 «400 2 

434. 497 #47 411 6412 «86898 

427 423 406 411 #428 «#464406 «6417 «84400 

4138 4238 408 412 480 2897 +409 +406 400 =... 

401 421 399 404 416 398 404 407 401 a 

2nd 899 411 #401 398 410 «49419 1890 
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419 428 408 408 423 395 4409 +403 401 175 a 

424 428 416 418 424 399 4410 406 404 188 q 

426 431 421 408 427 48 402 208 

427 419 421 427 #407 #4410 404 402 20°4 q 

42:2 427 escaped 421 428 402 409 40 402 ~~ ... q 

418 419 .. .4142 416 2398 411 494403 46 170 

8rd 4138 412 407 4416 412 +406 15° 

408 409 416 412 418 418 416 15% 

42°7 426 420 418 3899 411 409 «+409 18°4 

423 #423. 420 420 399 407 402 401 21% 4 

lpm. 422 429 417 428 400 401 400 3898 21° 

416 423 401 410 41 400 2490 

| 7, 419 428 419 427 899 400 9892 3896 21°4 
0 404 409 3894 409 411 409 15% 
4th lam. 406 41:2 as 403 410 892 413 412 409 14% : 
4, 407 419 494 389 410 417 410 

491 421 400 894 396 283 

lpm. 422 428 .... 427 404 890  389°7 25% 

426 426 897 40-00 228-0 4 

413 411 404 411 #408 # £170 

. 6th lam 447 413 400 402 408 408 412 16% 4 
4, 447 412 413 410 168 

418 410 402 402 1990 

. lpm. 426 428 ... 414 42:3 408 402 401 19% 4 

4, 42-2 423 406 401 401 168 

418 416 406 400 401 £157 

409 406 894 402 403 1490 4 

6th iam. 408 412 40°7 404 401 412 407: 12% 4 

4, 412 406 420 420 407 408 412 180 

419 42-0 402 409 404 128 

10 ,, 418 420 4 396 402 401 

lpm. 426 421 41-4 416 400 899 394 19% 

10 ,, 414 418 40°8 408 408 410 1590 

7 » 416 420 41-2 401 407. 406 180 
420 420... 4060 «6408 228-0) 4 

4, 419 424 42-6 400 400 403 210 a 
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From these records, in most of the cases, curves have been plotted 
out showing the mean temperature at each of the hours of observation, — 
and the average range for the whole period. (See Figs. 1 to 13.) 


AM. 
at — | 
af 
8 b 
Fig.l. Fig. 2. 
Fig. 1. Domestic fowl ¢ (Dorking)—continuous line—(9 a.m. July 15th to 6 p.m. 
July 2ist, 1904). 
Domestic fowl ¢ -(Dorking)—interrupted line(9 a.m. July 15th to 6 p.m. 
July 2ist, 1904). 


Fig. 2. Bantam cock—continuous line—(9 a.m. July 15th till 6 p.m. July 21st, 1903). 
-y,  hen—interrupted ,,—(3p.m.Julyl6th 
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Fig, 3. | Fig, 4. 


Fig. 8. Domestic duck ¢ —continuous line—(3 p.m. July 16th fill 6 p.m. July 21st, 1903). 
” ” —interrupted —( 99 $9 3° 
Fig. 4. Pigeon ¢ —continuous line—(9 a.m, July 15th till 6 p.m. July 21st, 1903). 
» %—interrupted ,,—({ ,, » ” ” ” 


In all the species of diurnal birds examined, with one or two excep- 
. tions, the general type of the daily variation curve is the same; it is — 
highest in the early afternoon and lowest in the early morning, and ~ 
the maxima and minima occur earlier than in the case of man and 
other mammals whose diurnal variation curves have been investigated, 
eg., monkey” and rabbit, guinea-pig and dog. (See infra.) 
In addition to this some interesting points are brought out. While 
the mean temperature of the various species differs only slightly, the 
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range varies enormously, and the amplitude, speaking genérally for the 
species investigated, appears to be inversely proportional to the-size of 
the bird; it is least in the domestic fowl and duck, and: greatest, in the 
thrush and starling. (See Table IV. and — ~ 1 and — 
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Fig. 5. | Fig. 6. 


Fig. 5. Seagull I—contiriuots line—(9a.m. July 15th till 6 pan. July 1908). 
” Il—interrupted ,, —-{ ” ). 

Fig. 6. Jackdaw ¢ —continuous line—(1 p.m. July 8ist till 4 p.m. Aug. 7th, 1904). ie 

” ¢ —interrupted ” —( ” ” ” ” 
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Fig. 7. Hawk {continuous line—(10 p.m. July Bist it p.m. Aug. 2nd, 1904). 
Il—interrupted ,, —(° ” ” 7th 
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. The only work of a similar nature to ours, so far as we know, is that 
of Corin and Van Benedin®™. They took the rectal temperature of a 


healthy pigeon every hour for a single period of 24 hours, and the | 


results they obtained agree very closely with ours for the same bird, 
the curves in the two cases being in a general way quite comparable. 
In this case the mean temperature was about a degree higher than 
ours,—41°88° as compared with 40°89° and 41:31°, and the range was also 
greater,—2'1° against 1°58° and 131° in our two specimens respectively, 
_ but this is what one would expect since theirs is the range of a single 
period of 24 hours, while ours is that of a much longer period reduced 
to a twenty-four-hourly mean. For example, in our male pigeon on 

July 17th, taking a single day at random, the maximum was 42°1° at 


3 p.m., and the minimum 39°8° at midnight, giving a range for that 


period of 2°3°, and on other occasions it was as great. They found that 
“the curve obtained is comparable to that obtained from other homao- 
_ thermal animals—from man in particular; it shows a maximum 


towards 4 p.m, and a minimum towards 4 a.m., and the positions of © 


these two extreme points correspond approximately to the times of 
waking and sleeping in pigeons. In addition to numerous secondary 
oscillations which are not constant, there is one oscillation which is 
remarkably *constant. From 3 or 4 a.m. the temperature begins to rise 
with few interruptions till about 8 a.m.; from this point it falls again 
till midday, and then rises again till the evening.” The only point 
which our observations do not. enable us ¢ confirm is with regard to 
the fall from 8 am. to noon. We do not find this at all so constant or 
characteristic as these authors would lead one to suppose it to be. 

In those species in which the sex was determined, during life or by 
post-mortem examination, we found that the mean temperature of the 
female was slightly higher than that of the male. The single exception 
to this rule was the guinea-pig, in which the difference (0°19°) was in 
favour of the male. The same influence of sex on the body temperature 
has been noticed by other observers. Roger“ found the mean 
temperature of 10 boys to be 37:107° and of 14 girls 37°191°, making a 
difference of 084° in favour of the girls, although they were at an age 
when characteristic sexual differences are very slight. Martins® found 
the mean temperature of 60 ducks to be ‘314° higher than that of the 
drakes. Richet®, on the other hand, made numerous observations on 
rabbits and dogs, and found that in these animals the sex made no 
difference with regard to temperature. Of our three rabbits, two were 
females.and one a male; the mean temperature of one female was 
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$9°49°, of the other 39°69°, and of the male $948°—a difference of “01° | 


and ‘21° respectively in favour of the two females. 

- One of the most interesting facts was the remarkable teunpeentare 
pres which we found in the thrushes and starlings,—from 3° to 4° C., 
and in some cases over 4° C.—and this was the mean for the whole period 
and not the range for any single day which would be greater still (see 
Figs. 8 and 9). Although the mean temperature of these solall birds is 
only very slightly, if at all, higher than that of the larger species (e.g. 
domestic fowl and duck), the maxima are much higher and the minima 
lower. The immaturity of the starlings (they were about 4 months old) 
might be an important factor in the cause of this wide range, but the 
same explanation will not apply to the thrushes, for these were both full- 
grown. We do not-desire to lay much stress on this, in view of the small 
number of individuals and species we have examined, but if this large 
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Fig. 8. — I—beaded line—(noon Aug. Ist till -noon Aug. 5th, 1904). 

IV—crossed »» —(noon ” ” 
Me. 0 Thrush IIl—continuous line—(1 p.m. Aug. Ist till 1 a.m. Aug. 4th, 1904). 
7 , [interrupted ,, —(9a.m. July 15th till 9 p.m. July 18th, 1908). 

Owl Vi—crossed —(4a.m. Aug. 1st till 4 p.m. Aug. 7th, 1904). 
»  U—double . ,, —(9a.m. July 15th till noon July 19th, 1903). . 
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temperature range is characteristic of all small birds, it would account 
for the great difference between the temperature of the humming-bird 
and swift:and that of the domestic fowl, ¢g., as given in the text-books, 
the dbservations having been made probably in tlie afternoon ; it is really . 
thé difference between the niaxima, the mean temperature oe all birds 
res possibly, practically the same. 

With regard to the nocturnal birds (owls) the general tne of the 
curve. is different. The mean maximum occurs in all cases between 
lam, and 4 a.m., and the minimum between 9 a.m. and 7 p.m., or in 
the early morning and early afternoon respectively. The curve is. thus 
the reverse of that obtained from any of the diurnal birds. This is well 
seen in Fig. 9, in which the nocturnal type of curve from the owl is 
contrasted with the diurnal obtained from the thrush. The maxima and 
miniina ‘correspond with the natural periods of activity and rest 
respectively, and this is in harmony with the results we obtained in the 
monkey under artificial conditions”. The mean temperature of the 
owls is lower than that of the diurnal birds, and the range is also less. 
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Fig. 10, Fig. 11. 


Fig. 10.- Owl I1]—continuous line—(10 p.m. Sist till La.m. Aug. 4th, 1904). 
Fig. 11. Rabbit I ¢—continuous line—(noon Aug. 1st till 3 p.m. Aug. 8th, 1904). 
” a ” ” ” ). 
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Fig. 12. | Fig. 18. 


Fig. 12. “Guinea-pig —continnous line—(noon Aug. 1st till Ang. Sth, 1904). 
¢ —interrupted , —(8p.m. 


Fig, 13, (Bog Ang: et il 8 pn. Ang. 1904. 
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--fincthe. three species of mammal which we investigated—rabbit, 


guinea-pig and dog—the diurnal variation curves show, in the main, the © 
same characteristics as that of man. The maximum temperature is 
attained in the evening, with one exception—the male guinea-pig—and 
the minimum in the early morning (see Figs. 11, 12 and 13). There is no 


_ evidence of the late forenoon fall preliminary to the afternoon rise, as is 


shown in the curves of Jiirgensen and Liébermeister, and others, in 
the human subject and which. is supposed to be characteristic. ‘The 
mean temperature of the three rabbits is 39°55°, of the two guinea-pigs 


38:52", and of the dog 38:31°. This is higher than the mean of man, but 


distinetly lower than that of any of the birds examined by us. With 
regard to sex differences, in the rabbit both females were higher than 
the male, but in the guinea-pig the male was higher than the female, 


Tite TV. Showing number of observations, mean temperature, average 
and -minimum: and range, with hours at which max. and 


Mean . .Average . Average Average Timeof, ‘Timeof 


obs. max. min. av. max. av. min, 
Domestic fowl ¢ §2 41: 41-94 40°87 1:07 p.m. 3 a.m. 
$9 ” 2 41-49 : 41°87 1 8 ” 3 ” 
Domestic duck ¢ 42 41-35 41°80 40°88 092 9am... 
Pigeon ¢ 51 41°58 158  6p.m. midnight 
we 52 4131 41-93 40°62 1-31 noon 
Seagull I 52 - 4038 41°31 39°37 1°94 3 p.m.- midni 
41-73 40°32 141 noon .. 
Jackdaw ¢ 56 41-69 42°46 1°80 Ipm 1, 
” 57 42°04 42°70 41:21 1-49 
Hawk I 15 44-08 41-85 89°75 210 4am 1 
54. 4139 42°03 40°31 1-72 4pm 
54 41°81 42°40 40°76 1-64 
Thrash I 99 4090 4270 8848 427 noon midnight 
21 4110 - ° 42-37 88°63 8°74 lpm; 1am. 
Starling I 17 41-49 42°35 88°85 4-00 midnight 
| 55 42°13 43°46 4016 8-30 
55 41°39 42-60 39°70 2-90 3 a.m. 
Owl IT 34 39°30 39°70 38°89 0°81 3 a.m. 9 ts 
» ul 26 40°16 40°60 89°77 0-88 144 ,, 1 p.m. 
» IV. 54 40°70 41°14 40°34 0°80 4) 10 a.m. 
Rabbit I 2 57 8948 «80°85 «89-07 p.m. midnight 
57 39°49 89°87 89:17 8 a.m. 
Guinea-pig ¢ 57 "62 39-01 8813 .. 088 . noon . 8}, 
56 88-43 03 0097 6pm. Sn 
Dog ¢ 56 38°31 88° “91 0-93 
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and this is the only exception that we have found to the general rule 
that the mean temperature of the female of -_ species—bird or 
mammal—is the higher. 


SuMMARY. | 


1, In the birds of diurnal habit which we have examined, the mean 
temperature for the twenty-four hours is esos the same for all - 
species,—41° to 42° C. 


2. While the above is true of the mean, the temperature range of 
different species varies greatly, and our observations seem to show that 
it is least in the largest and greatest in the smallest birds, e¢g., in the 


domestic duck it is 0°92° and in the thrush 427°, and in birds of | 


intermediate size the range is intermediate. (See Table IIL) 
8. The mean temperature of the female was higher than that of the 
male in all the species examined whose sex had been determined. 


4. The temperature curve of diurnal birds is essentially similar to 
that of man and other home@othermal mammals, except that the maxima 
occur earlier in the afternoon and the minima earlier in the morning. 


5. In nocturnal birds (owls), on the other hand, the curve is inverted, 
the maximum occurring about midnight or in the early morning and 
the minimum about noon or shortly after, As in diurnal birds, the 


temperature is highest during the natural period of activity (night) and 
lowest during the period of rest (day), The mean temperature is lower 


and the range less than in diurnal birds of the same size, 


6. The curves obtained from the rabbit, guinea-pig and dog, show 


the same features as in man with a few minor differences. Both the 
mean temperature and the range is less than in birds. 


[Tho expenses of the research have been peid in part from a grant given to one of 
(8. bythe Carnogio Rewerch Fund. 
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ON THE PRECIPITINS. OF SNAKE. ANTIVENOMS 
_ AND SNAKE ANTISERA. By A. HUNTER, Carnegie 
Research Fellow. 


(From the Physiological Laboratory, Edinburgh University.) 


THE first account of the presence of precipitin in a venom immune 
serum was given by Lamb” in 1902. He found that the serum of 
rabbits, which had undergone a process of immunisation to cobra venom, 
was a powerful precipitant of the poison. He stated also, that the 
precipitin acted not only upon cobra venom, but also in an equal or 
nearly equal degree on the venom of Daboia Russellit. 

Now the cobra is a colubrine snake, while Daboia is a true viper. 
Hence the action of Lamb’s precipitin was not even approximately 
specific. This is so contrary to the behaviour of all other precipitins, 
that, when through the kindness of Major Elliott, I.MS., I received 
samples of the venoms and sera of various maaan ape I determined 
__ to investigate the point afresh. 

While the research was in progress another paper was published by 
Lamb®, in which his previous results were reaffirmed. He had 
further prepared an antiserum for the serum of the cobra. This 
precipitated not only cobra serum but also cobra venom; while cobra 
venom antiserum was found to precipitate only the venom. Precipitins 
for snake sera have also been described by Graham Smith® (Tropido- 
notus natric and Python molurus), and by Flexner and Noguchi 
(Crotalus). 

We have references in the literature therefore to precipitins for the 
venom of only one snake, and for the serum of four. 

In the present paper I shall describe the precipitating properties of 
antisera which I have prepared by the injection of cobra venom and 
Daboia venom on the one hand, and of the blood sera of the same 
reptiles on the other. I shall then discuss the question as to whether 
there is any relation between the pene power and the antitoxic 
value. of antivenoms. 
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The venoms and blood sera employed were collected under aseptic 
precautions in India, and reached me in the form of dried scales within 
sealed tubes. The immunisations were carried out on adult rabbits of 
about two kilos. The dried venom was dissolved in Ringer's fluid as 
required, and injected subcutaneously. The dried serum was dissolved 
to the extent of 6°/, in ordinary water; this made a solution of 
approximately the same concentration as fresh serum; it was sterilised 

by intermittent heating to 56°; injections were made intraperitoneully. 


Cobra venom precipitin. 
Three rabbits were successfully treated with cobra venom, to the 


extent respectively of 5, 15, and 20 mi.p.. The serum of each was 


found to precipitate cobra venom most markedly, but to exert a very 
decidedly smaller effect on Daboia venom ; while it precipitated cobra 
and Daboia serum not at all. The following tables will show the 
comparative effects, when the most active antiserum (that from the 
rabbit which had tolerated 20 M.L.D.) was employed. 


_. Exe. I. One volume of the antivenom was mixed with one volume of cobra venom 
solution of varying strength (from 2°, to ‘01°/,).. The result shows that we had here a 
powerful precipitin, nearly as powerful as the ordinary blood seram precipitins'. 
Cobravenom = 2%, 1%, 1%, “01 
At once _ — 

15 minutes d, cl. v. d, el. v. d. ol. d. cl. fine p. 
20 » ” ” coarse p. fine p. ” 
” fine p. ” coarse p. 8. p. 
18 hours 8. p. 8. p. 8, p. 


One notices here, that, as with other precipitins, concentration of the 
precipitable hinders the reaction. On the other hand an excess of the 
precipitin is favourable, as shown by the following. 


Exe. I. To 82 volumes of ‘5 °/, cobra venom were added increasing amounts of the 


“antivenom. 


Volumes of antivenom = 4 ia) 16 32 
4 hour ol. d, el. p- 
wi 8. p. 


Compare now the effect of the same precipitin upon Daboia venom. 


4 The contractions used signify 
ol. =faint cloud, p.=floating ppt 
cl, =cloud, v. d, ol, =very dense cloud, s. p. =settled ppt. - 
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Exe. IT: As before, equal volumes ofthe venom and the antivenom were employed 
All the conditions were the same as in Exp. I. 


Daboia venom = 1°, "5%, ‘01 %, 
2hours cl. el. | 


Even after 17 hours the precipitates had not completely settled, and 
it was evident that they could not compare at all in bulk with the 
precipitates of cobra venom. 

A similar experiment: with another sample of Daboia venom gave 
the same result. Moreover ‘when this’ expériment was repeated six 
weeks afterwards, the serum had entirely lost the power of precipitating 
Daboia venom, while its effect on cobra venom was not sensibly 
diminished. 

It appears to me, therefore, that the action of cobra venom precipitin 
is much more nearly specific than Lamb supposed it to be. As we 
shall see later, the behaviour of anti-Daboia venom is strictly analogous. 
These results are quite in accordance with Nuttall’s® researches on 
the relation of the precipitin reaction to blood relationship. According 
to him a similarity in precipitability indicates a close biological affinity, 
such as does not exist between Naja and Daboia. - 

As a snake’s venom is probably elaborated from the proteids of its 
blood, we might expect the precipitin in antivenom to have a noticeable 
action on snake serum. This, however, is not the case. In none of 
numerous experiments was any appreciable precipitate obtained on 


mixing various proportions of cobra. antivenom with different dilutions | 
..of cobra serum. This result is all the more remarkable, when we . =. 


consider that, as will presently be shown, anti-cobra serum does — 
precipitate cobra venom. : 
Against Daboia serum also anti-cobra venom has no effect. 


Cobra serum precipitin, 


A rabbit which has received five injections of cobra serum of 10 ¢.c. 
each yields an antiserum of powerful precipitating qualities. Its action 
is of course most pronounced against cobra serum; but is also very 
decided against Dabowa serum, and cobra venom ; against Daboia venom 
it is practically ml 

In the bllowing illustrative experiments the was 

carried out in a way which allowed great economy of material. Small 
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quantities were measured by a capillary pipette, and the mixing + 


tee 


performed in a watch-glass. The few drops of fluid were immediately 


drawn up into a long capillary tube. The quantities were so adjusted 
that in each tube the mixture occupied a length of about 200 mm. On 
sealing the tube and setting it upright the precipitate gradually 
settled. Its height was read off after 48 hours, and the amount in mm. 


is stated in each experiment. This method of measuring the precipitum 


(which is the same in principle as Nuttall’s) was adopted in all the 


Exe. IV, Anti-cobra serum, 2 vols. +1 vol. of cobra serum in varying dilutions. 


Cobra serum = Undil. 110 120 1/50 - 1/100 1/1000 
10 minutes cl. 
8 hours el, 8. p. 8. p. 8. p. 
Amount = cl, 18 3 
Exe. V. Anti-cobra seram (the same as above)—2 vols.+1 vol. Daboia serum in 
Daboia serum = Undil, 1/10 1/20 1/50 1/100 1/1000 
Whours 8. p. 8. 
Amount = 20 10 8 3 


- Daboia serum is therefore precipitated, but much more slowly and 
less copiously than cobra serum. It will be noticed also that a precipi- 
tation takes place in undiluted Daboia serum, but not in the undiluted 


homologous serum. Undiluted Daboia serum reacts to cobra precipitin 


as if it were diluted cobra serum; no doubt it is dilute in reference 
to those haptophore groups which are common to both. The same 


phenomenon will be noticed presently in the reactions of anti-Daboia 


serum, 


We must now consider the action of cobra serum precipitin upon» 


venom, 


Exe. VI. Two parts antiserum+1 of cobra venom, various strengths. The same 


antiserum as before was employed. Only the figures representing the bulk ppt. after 
48 hours are given. | 

Cobra venom 29 0 

Amount of ppt. 16. 


Cobra venom then is precipitated by anti-cobra serum. This would 


seem to indicate that the precipitin-producing group is the same in 


venom and serum. But exactly the contrary is suggested by the fact 
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| that antivenom does not precipitate serum. This seeming contradiction 


(which is enforced by similar results dealing with the serum and venom 


of Daboia) may, it appears to me, be explained by some such idea as that 
of multiple precipitin-producing haptophores, which I have put forward 
in previous communication“, 

Suppose, e.g. that cobra serum has two haptophore groups, A and B; 
while venom has only A. Then antiseram would have two antibodies, 
a and 6; while antivenom would have only a. The group‘a’ (present - 

in both) would be sufficient to precipitate venom; while ‘b’ also 
(ene only in antiserum) is necessary to produce an appreciable effect 
on the serum. 

That venom has really fewer haptophore groups than serum, appears 
probable from other considerations. Martin” considers it likely,.that 
venom: is produced through hydration of blood proteids by means of — 
a ferment in the cells of the poison gland. Now it is well known, that 
the hydration of proteids by means of the digestive ferments destroys 
their power of producing precipitins. At the stage of albumose they 
have already lost this power. The appropriate haptophores have been 
split off. Snake venom proteids are in their properties intermediate 
between true albumose and true albumins. It is possible that they 
retain some of the precipitin-producing haptophores, while others have 
been destroyed by the Sipe which takes place in the cells of the 


poison-gland. . 
In the study of this precipitin, which has not hitherto been described, 
sera were employed from three rabbits, which had received subcutaneous 
injections of Daboia venom up to 2, 4, and 30 M.i.D. respectively. The 


duration of the treatment was from three to six months. 
The serum. of these rabbits had in each case considerable precipi- 


tating power, The properties of the precipitin were found to be 


analogous to those of cobra venom precipitin. It acts on Daboia 
venom powerfully, on cobra venom slightly, on Daboia serum and 
cobra serum not at all. 

The most powerful serum was that of the rabbit which had tolerated 
30 m.L.D. The following tables illustrate its effect. 


Exp, VII. Two parts of the antivenomous serum +one part of a Daboia venom, the 
u.t.d. Of which for rabbits is ‘0013 gms. per kilo. 
determinations. 
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Daboia venom = 1%, 5 "lo 

45 p- — p- 

9 ~ p. P- P. P. 


(The irregularity observed here in the progress of precipitation in -1°/, solution did not 


occur in other experiments.) 


Exp, VIII. bt with another sample of renom of which the m0, 


was ‘004 gm. per kilo, 


Strength of venom 1%, | 1% 01 %/, 001%, 


Amount of ppt. 30 88 27 18 18 4 
It will be observed that this venom, which is less toxic’ than 
the other, contains nevertheless much more of the precipitable 


Exp. IX. Another antiserum from a rabbit which had received only up to 2 m.u.p. 


was considerably weaker. The following figures represent its activity when tested against 

venom of which the u.u.p. = ‘0013 gm. 

Strength of venom */o ‘1%o ‘01 001 °/, 

Amount of ppt. 9 9 18 15 10 etat eS 
The action of Daboia antivenom on cobra venom is even less intense 

than that of anti-cobra venom on the poison of Daboia. If 2 parts of 

my strongest antivenom were added to one of cobra venom, there was 


no appearance of a under 2 a and the final amount was 


very small. 


Exp. X. 
Amount of ppt. 6 4 


With Dabova serum, anti-Daboia venom gives a very doubtful trace 
of ao, with cobra serum, nothing at all. 


Daboia serum precipitin. 
Rabbits, which had received four or five intraperitoneal injections of 


10 cc, Daboia serum, yielded actively precipitating antisera, Their : 


properties are analogous to those of cobra antisera. 


Exe. XI. Two vols. anti-Daboia serum + one of Daboia serum. 
Dilution = Undil. 1/10 1/20; 1/1000. 


7 minutes el. el, el, 

4 hours 99 29 ” Pp. 
Amount 14 17 11 8 


— 


Be 
rit) 
¥ 
~ 
Ge 
+ 
7s 
substance. 
wg 
4 
a 
ag 
<48 
a 
‘ 


PRECIPITINS IN SNAKES. 245 
Exe. XU, Two vols, anti-Daboia serum +one of cobra serum, 


‘Dilution = Undl. 1/10 1/1000 

4 hours el. el, 

24 4, 8. 8. p. ? ? 
Amount 8 8 8 


This antiserum, therefore, though not a very powerful one has an. 
unmistakeable action on cobra serum. : 

On Daboia venom it also has a small effect, slighter relatively than 
the corresponding action of anti-cobra serum on cobra venom. 

On cobra venom no action could be demonstrated. 

Collecting the results so far we find that cobra venom sia serum 
precipitins on the one hand, and Daboia precipitins on the other, have | 
exactly analogous properties. These are exhibited at a glance in the 
following table where the +’s indicate the relative amount of reaction 
obtained. 


D.8. 

Cobra venom precipitin +++ + 

++ 0 ++ 
Daboia venom +++ 0 


Further remarks on venom precipitins. 


Venom precipitins appear then to possess a modified degree of. 
specificity. In other respects also they do not at all differ from the widely 
known serum precipitins. Like these they resist heating to 56° C., and 
retain their power for a considerable time when kept at room tempera- 
ture. Still they do not by any means persist indefinitely. Thus a serum 
which precipitated cobra venom in 1°/, solution in 10-15 minutes when 
fresh, took more than 3 hours when 2 months old; and one which 
precipitated Daboia venom feebly at first, had completely lost the power 
in 2 weeks. 

During the phenomenon of precipitation both venom and precipitin 
are used up. This is shown in the following experiment. 


Exp. XIII, In each of eight test-tubes were placed two parts of a -2°/, solution of 
- gobra venom, the m.u.p. of which was ‘004 gm. per kilo. To these were added, in order, 
from 5 to 12 parts of the corresponding antiserum. The ppt. was allowed to settle in 
every case, The clear fluid was then pipetted off, and divided into two portions. One 
park was tested fot preciptitn by adding more cobra venom, ‘the other for: 


Result 

Parts of serum 5 6 
Filtrate+serum +++ ++ ++ + + ? 0. _O=free venom. 
Filtrate+C. V. 0 ? ++ ++ =free precipitin. 
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Hence in the mixture (2+6) there was practically no precipitin, 
and in the mixture (2+10) no venom. The intermediate members of 
the series (3 in number) contained each uncombined in presence of the 
other. Further precipitation occurred on the addition either of more 
venom or of more precipitin. There was no definite neutral point, 
where neither venom nor precipitin as such existed. It would almost 
appear as if the law of mass action came into play, though of this we 
have no real proof. Linossier and Lemoine” have described the 
same behaviour exactly in the case of serum precipitins. 

From the above experiment we can obviously calculate the pre- 
cipitating power of the serum employed. Thus, arguing from the fact 
that 10 parts of serum are required to completely precipitate 2 of ‘2°/, 


venom, we conclude that to completely precipitate ‘1 gram of venom we 


feed 250 cc. of serum; or otherwise, 1 c.c. of serum will completely 
precipitate not more than ‘0004 gm. venom. Again, from the fact that 
2 parts of venom solution are capable of using up the precipitin in 6 of 
serum, it follows, that to combine with all the precipitin of 1 ec, we 
need at least 0007 gm. of venom. Further, the M.L.D. of the venom was 
‘004 gm. per kilo ; to precipitate this quantity fully, we should require 
10 c.c. of serum. | 
The precipitum, which is the result of the reaction, can, after 
thoneagh washing in saline, be completely and easily dissolved in 
1*/, sod. carb. The solution gives a violet biuret reaction. It is not 


reprecipitated on acidification. with acetic acid. It yields a coagulum | 


on boiling. It also gives a precipitate on saturation with ammonium 
sulphate; and the filtrate from this is proteid-free. There appears, 
therefore, to be no doubt that the —— is - proteid nature. 


When venom precipitins were first described, a hope was expressed 


that they would afford us @ means of standardising antivenoms by | 


simple test-tube experiments. This involved the assumption, that there 
is a definite relationship between precipitin content and antitoxic value. 

_The assumption appears on the face of it improbable, and Lamb’s later 
_ experiments tend to show that it is quite unjustifiable. In the remaining 
part of this paper I shall bring forward fresh evidence that there is 


really no connection at all between antitoxic and precipitating power on 


the one side, or toxicity and precipitability on the other. 

The proteids of snake venom form a complex mixture. Some of its 
constituents are coagulable by heat, some are not. 98°/, of cobra poison, 
and probably about 75 °/, of sie venom fall among the in es. 
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Now while it is certain that all coagulable proteids can form precipitins, 
it is not yet proved that any incoagulable ones do. While Myers and 
Schiilze claim to have obtained precipitins for albumose, Tchistovich, 
Buchner, Michaelis, Obermayer and Pick failed to do so. Judging 
by majority the presumption would appear to be rather against the 
albumoses of snake venom having any réle in precipitin formation. 

The question of the precipitability of venom albumoses has been 
direct] y attacked. But the evidence so far is not conclusive either way. 
I have found that if a 1°/, or ‘1 °/, solution of cobra or Daboia venom be 
simply boiled, and filtered from the coagulum, the clear filtrate still 
yields, on addition of the antiserum, a decided precipitate ; a precipitate - 
indeed nearly as copious as before. But simple boiling is not sufficient 
to ensure complete coagulation of all the coagulable substance. It is 
@ surer process to add to the venom solution one-fourth of its bulk of 
- saturated sod. chloride, acidify faintly with acetic acid, and then: boil. 

If this be done, a more copious coagulum is obtained, and the clear 
filtrate now gives hardly any visible precipitate on adding its antiserum. 
This filtrate, it is true, contains about 9 °/, of sod. chlor. but according 
to Rostocki 10 °/, has no inhibiting effect upon precipitation. 

The balance of probability appears to be in favour of the view, that 
venom precipitins must be largely, if not entirely, antibodies related 
merely to the coagulable portion of the venom, a portion which forms 
a very small percentage of the toxic contents. On the other hand, 
the greater part of the autitoxin will find its affinity among the 
incoagulables. _ 

Hence one would not expect to find any definite relation between 
the antitoxic and the precipitating power of the same antiserum. If 
there were such a relation, it would, as Lamb pointed out, lead us to 
a simple means of determining antitoxic values by mere test-tube 
experiments. Unfortunately the theoretical conclusion is amply con- 
firmed by experimental facts. Lamb, himself, in his later paper, 
realised this. Fresh evidence in the same direction will now be 
brought forward, sufficient, I think, to prove quite ‘conclusively that 
there is no constant relationship either between antitoxic and pre- 
cipitating value on the one hand, or between toxicity and ees 
on the other. 

The evidence may be considered under four headings. 


1. During the course of immunisation the precipitating power and 
the antitoxic power of the serum advance independently of one another. 
Thus the serum of one animal, which was tolerating only 5. M.L.D, of 
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cobra venom, precipitated a 1 °/, solutidn of the venom in 15 minutes, 


while 30 minutes were required by the serum of another dnimal capable 
of resisting as much as 30 M@L.D. Yet the latter serum must have been 
much more ‘antitoxic than the first. Again, the precipitating power of 
one Daboia rabbit’s serum could be represented by the figure 50; that 
of a second by 58. Their precipitin content was therefore nearly equal. 
But the first had received altogether only 5 M.L.D., the second had 
received 100. It is unlikely that the antitoxic value of the second 
serum was not very much higher than the first. From one or two 
scattered observations like this, it seems to me probable that the 
precipitin content of the serum in animals being immunised to snake 
venom soon reaches its maximum, while the antitoxic value is still 
"steadily increasing. 


2. The amount of antiserum required to completely precipitate 
a given amount of venom does not at all correspond with the amount 
required to neutralise its toxicity. 


Expr. XIV. A certain Daboia venom was taken, and its toxic value determined for 
guinea-pigs. It was found to be ‘002 gm. per kilo. A series of guinea-pigs (of about 
700 gms.) was then taken and into each was injected 2 m.u.p. of venom+an increasing 
amount of a precipitating antivenom. The mixture of venom and antivenom stood for 
8 hours at room temperature before injection. The result is shown in the table. 


No. ofexp. No.of M.L.D. Actualdose —C.c. of antivenom Result 
1. 2 0 Dead in 4 hours. 
8. 2 0026 2 
4. 2 0028 8. 
5. 2 0025 4 Survived. 


No. 4 behaved as if it had received only 1 m.L.D. Therefore 3 c.c. 
of the serum had protected the other M.L.D., which in this guinea-pig 
amounted to 0014 gm. Now by the method of exp. XIII it was found 
that of the same serum as much as 8 c.c. would be necessary to pre- 
cipitate ‘0014 gm. The two figures are widely different, and indicate 

that the actions of precipitation and neutralisation are quite inde- 
pendent. 


8. Even more conclusive is the direct comparison in the above way 
of two different antivenoms. By the kindness of Major Elliott, 
I obtained some serum from a horse which had been partly immunised 
to Daboia venom. Its antitoxic power was determined by experiments 
on guinea-pigs carried out as in exp. XIV, the same venom being 
employed. | 
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Exe. XV. | 

No, ofexp, of M.L.D. Actual dose of antivenom Result 
1, 2 0028 0 Dead in 4 hours. 
2. 2 0030 1 » Db, 

4. 2 0024 8 Survived. 


Hence of this horse antivenom only 2 c.c. was required to neutralise 
1 M.L.D. = 0014 gm., as against 3 c.c. of the rabbit serum, But while 
the latter was a good precipitant, the former had no appreciable 
precipitating power at all. This is absolutely conclusive. 


4. We can however adduce evidence also from the converse point 
of view, showing, i.¢., that just as precipitin content in an antivenom 
does not run parallel to antitoxic value, so toxicity in a venom is not 
proportional to precipitability. 

A reference to exp. XIII will show that with a cobra venom whiee 
toxicity is represented by an M.L.D. of 004 gm. per kilo. all the venom is 
precipitated in a mixture of 2 parts of ‘2°/, venom with 10 of antivenom. 
Take now another specimen of cobra venom, this time with an 
M.L.D. = 0006 gm. per kilo., and repeat the experiment, using the same 
antivenom and keeping all other conditions the same. We shall con- 
sider here only that part of the filtrate which is tested against fresh 
serum, and in the subjoined table we shall compare the result of 
exp. XIII with the present one. (We may remark that in the various 
mixtures the two venoms behaved towards the antiserum exactly alike, 
down to the fact that the 2+5 mixture in each case was largely 
a suspension long after all the others had formed settled precipitates.) 


Exp, XVI. 
Parts of venom 2 2 
Parts of serum ee; 6 7 8 9 10 ll 12 


| (filtrate tested against fresh serum) 2 : 
= + ? 
In its reaction to the antivenom, this stronger venom, therefore, 
behaves in all respects exactly as the weaker one. It requires the same 
amount of antivenom to precipitate it completely. If precipitation 
meant neutralisation, this would not be the case. We have already seen 
(exp. XIII) that the precipitating dose for 1 M.L.D. of the first venom is 
10 «.c.; for the second, according to a calculation from the above result, 
it is only 1'5 cc, But obviously the neutralising dose must be the same 
for 1 M.L.D, in either case. 
With Dabova venom and antivenom a similar result is obtained, 
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Exp. XVII. Two specimens of venom were used in ‘1°/, solution. Two vols. of each 
were mixed with from 4 to 10 vols, of a given antivenom. ee 
was tested against fresh antivenomous serum. 


Result :— 3 
Parts of D v. 2 2 2 2 
Parts of serum | 6 10 
M.L.D. = 0013 + 0 of 
M.L.D. = "004 + 


‘Here again, though the venoms are very different in toxicity, they 
are nearly equally precipitable. On calculating as before we find that 
of the Ist venom (M.L.D, = 0013) 1 c.c, of antivenom precipitates ‘3 mgm. 


or the more toxic is actually the easier to precipitate completely, or 
in other words contains less that is precipitable. 

A fact which, indeed, has already been deduced from a mere 
inspection of the results of experiments V and VI. : | 


SUMMARY, 


Ai Precipttion, which are specific in the usual sense of the term, 
are produced by the injection of snake venoms. For cobra this has 
already been observed by Lamb, who, however, thought the action 
non-specific. These precipitins are without action on snake sera. 

2. Snake sera also lead to the appearance of specific precipitins, 
which, however, also precipitate the corresponding venoms. 

8. The antitoxic value of an antivenom cannot be measured by its 
precipitating power, for there is no constant relation between the two. 

_ 4 Similarly the amount of toxic substance in a venom bears no 
proportion to its content in precipitable substances. 


toxins, or at any rate not the whole of the toxins. They are probably 
merely the coagulable proteids of the venom. 


[The expenses of this research have been defrayed by a grant from the Moray Research 
Fund of Edinburgh University. 


REFERENCES, 


(1) Lamb. Lancet, Aug. 16. 1902. 
(2) Lamb, Lancet, Apr. 2. 1904. eu 
8) Graham-Smith. In Nuttall’s “ Blood Immunity.” 
(4) Flexner and Noguchi. Journ. of Pathology, vim. p. 379. 1903. 
(5) Nuttall. Blood Immunity and Relationship. Cambridge, 1904. 
(6) This Journal, xxxz. p. 327. 1905. 
(7) Martin. Article “‘Snake Bite,” in Clifford Allbutt’s «System of Medicine.” 
(8) Linossier and Lemoine. OC. RB. de la Soc. de Biol, tiv. 1902. com 8, 9, 10, 


5. Consequently the precipitin-producing substances are not the 


_ 

‘ 

ORR 
, 

| 

z 

} 

BS 

= 
= 
ty 
fg 

be? 
< 
A 
d 
rs 
4 
LF 

+ 

4 

a. 
j 
~ 
ti* 
4 
¥ 


COLLOWAL SOLUTION. THE GLOBULINS. w. B 
HARDY, Fellow of Gonville and Carine 
1 (Ten Figures i in Text.) 


Prom te Phi 


The viscosity of solutions of globulin. 
| *Globulins as pseudo-acids and peendo-bases . atone 
The specific velocity ofionic globulins. 286 
General theoretical consideration ofthe sate of and ac globulin insolation 296 
Tnoreased stability ofthe éolid phase of globulin due to contact with water 
Appendix II. The elation ofthe globulin to serum protid 


pa salts, some, such ag the hydrosols of metals, of silica and’ alumina, ete, 
are precipitated, others appear not to be changed, such .as, for instance, 
hydrorols of albumen ‘or-gelatine, others again depend for 
‘upon the presence of salts, The chief and perhaps the only true 
example of the last class’ is. the species of proteid known as globulins. 
«About five years ago I commenced the investigation of this. last 
‘class with the object of gaining further insight into the mechanism of 
colloidal solution and the results were communicated to the Physiological 
Sueiety in 1903, to the British Association, in 1904, and a statement 
as complete as time.would allow to the Royal Society as the Croonian — 
Lecture of 1905. | 
. In the communication to the Physiological Society I attempted to 
“express the relation between globulins and salts, acids or dlkalies in s 
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purely. physical way, which may be briefly recapitulated as follows. 
The globulin is dispersed in the solvent as particles which are the 
colloid particles and which are so large as to form an internal phase. 
These particles at any one moment contain within themselves an excess 
of the most penetrating and fastest moving ion present, and they 
therefore have the electric charge of this ion. Therefore, in presence 
of acid they contain an excess of the hydrogen ion and they are charged 
positively, in presence of alkali they contain an excess of the hydroxy! 
ion and are therefore charged negatively, in presence of neutral salts 
the excess ionic concentration in the colloid particles will be so slight as 
to be unrecognisable and the particles therefore are uncharged: they 
are in point of fact related equally to both ions. | ee 
This purely physical hypothesis is attractive from its simplicity, it 
covers most of the facts, and it is identical with the theory of the 


- colloidal state advanced by Perrin’? as a result of certain most 


interesting investigations upon the origin of contact difference of 
potential. The hypothesis fails in two respects: (1) it does not adequately 
recognise the chemical phenomena involved, such for instance as influence 
of the selective affinity of metals for either hydrions or hydroxyl ions in 
the formation of metallic hydrosols*, or the connection between the 
colloidal state and the hydrolytic reaction between water and soaps, or 
water and proteid-acid or proteid-alkali compounds. (2) It does not 
cover those cases of colloidal solution where there is no potential 
difference between the colloid particles and the fluid in which they are 
immersed, In globulin salt solutions and solutions of gelatine there is 
no trace of drift of the colloid in an electric field if the possibility of 
electrolytic decomposition of the organic colloid be excluded as in the 
method described later. Lastly the theory can be disproved by direct 
experimental evidence. If the relation between the colloid and the 
fluid depends solely upon the relative velocity of the ions present in the 
latter as I at first thought, and as Perrin thinks, then in a solution of 
globulin by a salt such as LiCl, or LiBr, in which the ionic velocities are 
in the ratio of about 1 to 2, the globulin should show a negative charge — 
due to the faster anion. I failed to find indications of even the feeblest 
charge provided secondary electrolytic decomposition were excluded. 
This same experimental fact stands in the way of the acceptance 
of Perrin’s theory of the relation of contact difference of potential to 
1 Journal de Chimie Physique, 1. p. 61, 1904 ; mx. p. 50, 1905, 


* Linder and Picton, Journ. Chem. Soc LXxr, 
; p- 568, 1897; Burton, Phil. Mag. 
(not yet published), j 
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| jonie velocities since thé ratio of the velocities of the ions in acids 


or alkalies is only of the order 1 to 4 or 1 to 5. 
In the following paper I have tried to deal with the phenomena of 
colloidal solutions in the special case of proteids from a frankly chemical 


_ standpoint. The chief difficulty in the way of a chemical theory of 


colloidal solution is the apparent need for postulating the existence 
of continuously varying chemical compounds,‘or what van Bemmelen 
calls absorption compounds. The need to my mind is more apparent 
than real. The absence of transition points, the smoothing of the 
curves, is probably merely an expression of the inertia of the colloidal 
system due to the presence of electrified surfaces and to the large 
molecules involved. True equilibrium values for matter in the colloidal 
state, that is, values which have the same magnitude however the con- 


dition is approached, have not so far as I am aware yet been obtained _ 


in any one single instance. The form of the temperature curve for 
hydrosols of agar, or gelatine depends entirely on whether the particular 
temperature is approached by adding heat or by subtracting heat, and 
upon the rate of addition or subtraction of heat’. The reaction velocity 
of colloidal matter may be of the order of that of matter in the solid 
state so that, as van ’t Hoff says of the hydrates of calcium sulphate, 
the time values are of the magnitude of geological epochs. Owing to 


the large size and low mobility of the molecules of colloids any surface 


once formed in a fluid plays to a great extent the part of a semi- 
permeable membrane, the surface: of the colloid particles, and if that 
surface becomes strongly electrified it acquires a special aeabllity. The 
system then asa whole is in equilibrium with two pressures’. In this 
way the instable state of spheroidal subdivision in which a new fluid 
phase first of all appears and which gives place rapidly to the crystalline 
state in crystalloid solutions’ becomes subpermanent in colloidal 
solutions. 

The globulin referred to except where express statement to the 
contrary is made is that precipitated from diluted ox serum by acetic 
acid. Four states can be recognised in both the solid cohdition and in 
solution, globulin itself, compounds with acid or with alkali, and com- 
pounds with neutral salts. Beccles old usage I propose to call the 


Hardy. Proc. Roy. Soe. p. 95. 1900. 
2 Hardy. Proc. Roy. Soc., loc. cit. 
3 Lehmann, Molecularphysik, 1. p. 730; Bancroft, The Phase Rule, p. 242, 1897, 
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compound with acid acid globulin, those with alkali alkali globulin, 
those with salts salt globulin. 

Globulin itself is insoluble in water, though it forms filterable 
non-settling suspensions which are solutions of very low grade’. Acid 
globulin and alkali globulin can be separated in the solid state by 
dissolving globulin with minimal amount of acid or alkali and evaporat- 
ing to dryness in vacuo over sulphuric acid and caustic potash. — 


When hydrochloric acid is used the dried HCI globulin is found on 


analysis by Carius’ method to contain all the chlorine used to dissolve 
the globulin. HCl globulin therefore is stable in vacuo in presence of 
solid KHO and the acid may be regarded as being in true combination. 
Acid globulin dissolves in water. oo 3 
Alkaline globulin can be separated in the solid state from, eg. 
solution in ammonia by drying in vacuo over sulphuric acid. When 
redissolved the solid shows the same order of molecular conductivity as 
the solution from which it was dried out. a | 
Both acid and alkali globulins ionise in solution. That is to say in 
solution the globulin is electrically charged and takes part in any 
electric transport, and the velocity can readily be measured by the 
boundary method. Therefore one must recognise “ionic” globulin as 
a species, but reasons will be given for regarding the ions as peculiar 


1 Defined exactly, a solution is a homogeneous mixture or a uniform phase of con- 


tinuously varying composition. In this exact sense a hydrosol is not a solution. but a 
mixture of matter in two states more or less clearly distinguishable since it consists of a 
fluid which has dispersed through it large particles, the colloid particles which are not of 
the same order of magnitude as the molecules of the fluid and which are separated from 


the fluid by a surface, the nature and properties of which may almost be said to define the 
colloidal state, 


Colloidal solution therefore isa state of partial solution, and it passes, as Picton-and 


Linder showed, by insensible gradation into true solution. Its exact position in the 
phenomena of the liquid state may be indicated as follows. Ne 
3 When a homogeneous liquid separates into two states, say a liquid and crystals, the 
new state appears first as minute droplets which represent an instable state and which 
changes to the stable crystalline state in a longer or shorter time according to the relative 
magnitude of the force of crystallisation and the surface tension (Garnett, loc. cit.). 
Substances which do not readily crystallise, whose molecules therefore have feeble 
polarity, permit the instable emulsion state to become subpermanent, and this is the state 
known as colloidal solution, All cases of colloidal solution however are not necessarily 
— incomplete crystallisation, though they are states of incomplete separation of a 
To include these states Picton and Linder introduced the conception of grades of 


solution, the grade being hi lo 
sas at. being high or W according to the degree of dispersion of the solvee in 


= 


4 
| 
eg 
| 
| 
| 
a 
Ra 
% 
‘3 >" 
of 
4 
Ag 


COLLOIDAL SOLUTION. THE GLOBULINS. 258 


and special to the colloidal state. By reason of their ionisation solutions 
of acid and alkali globulin are good conductors. | 

Globulin therefore is an amphoteric substance and its acid function 
is much stronger than its basic function. As an acid it is strong enough 
to form salts readily with bases so weak as aniline’, glycocoll, and urea, 
acting as a base it forms salts with weak acids, such as acetic and boracic 
acid, which are very unstable in presence of water. 


The precipitation of globulin by salts. Globulin solutions can be 


_- precipitated by neutral salts, and in this respect they exhibit very 


characteristic relations. Each salt acts as a precipitant at low concen- 
tration, and at high concentration. Between these two it acts as a 
solvent. The first precipitation occurs only when acid or alkaline 
globulin is present, and it is similar to the precipitation of hydrosols 
by small concentrations of salt in that the colloid particles are electrically 


charged. The second precipitation is a separation of solid globulin from 


a solution of salt globulin, and it is the precipitation of the colloid from 
a hydrosol in which the colloid particles are completely uncharged. 
Thus solutions of acid or alkali globulin are precipitated by the 


addition of neutral salts, further addition brings about re-solution — 


always in the case of alkali globulin, sometimes in the case of acid 
globulin. Still more salt brings about reprecipitation. In the first 


solution the globulin is ionic, in the second solution it is not ionic. 


- The mechanism of these two preteens in spite of views to the 
contrary* I take to be distinct. 

The precipitation of colloidal solutions by salts has been explained in 
two ways as being due to (1) a condensation of the electrically charged 
colloid particles to larger and heavier masses owing to the nuclear action 
of those salt ions which carry a charge of the opposite sign to that on 
the colloid particles or (2) to a dehydrating action of the salts. In case 
one, as Picton and Linder first showed, the precipitate carries with it 
a fraction of the active ions. The solid phase, therefore, is a compound 


between the colloid and one of the salt ions, of the nature of an 


absorption compound, and the nuclear action of the salt ions is due to 
chemical reaction which is peculiar only in the chemically indefinite 


1 Of a weak base of limited solubility such as aniline it is almost more accurate to say 
that it is dissolved by globulin, than that the globulin is dissolved by the aniline. Aniline 
will not combine with anhydrous globulin. 

2 Pauli. Beit. f. exp. Physiol. u. Pharmak. vi, p. 283. 1905, 
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nature of the resulting compound. As Picton and Linder showed long 
since the compound formed between the colloid and the ion of the salt 
can be decomposed in quite an ordinary way, the salt ion being replace- 
able by an equivalent weight of another ion. It is wrong to speak of the 
action of salt on a colloid particle as “electrical combination” as though 
it were something quite apart. It is “electrical combination” only in 
the sense that reaction between electrolytes is electrical, 

Now if the action between salt and colloid is chemical and identical 
for instance with the selective reaction in dyeing which discriminates 


between acid and basic dyes, it would be represented by a generalised 


equation of the form :— oe 
+ BS' =CB+ HS. 


That is to say, the colloid functions as an acid and by the law of 
mass action, the compound C’B: is formed because of its insolubility. 

: Consider the hydrosol of a metal such as platinum. The colloid 
particles are negatively charged, they are anionic in character, and the 
charge is due to a reaction between the metal and water at the moment 
of formation of the hydrosol whereby the hydride PtH is formed which 
‘ionises in the sense’ 

The chief number of the ions P# are in the form of masses so large 


as to have the properties of matter in mass, they are not of molecular 


dimensions and they form an internal phase’. Ionisation is a phenome- 
hon of the surface of these masses only. It confers on the particle its 
electric charge, and it is in this case the “incomplete chemical combina- 
tion” which Lord Rayleigh regards as the source of contact differences 
of potential to which I referred in an earlier paper’. In reactions 
therefore an electropositive colloid is a weak alkali, ¢.g. hydrosol of ferric 
hydroxide, and electronegative colloid a weak acid, e.g. silica. 

This view of the source and nature of the charge on the particle of a 
hydrosol, as it seems to me, is proved by the researches of Burton’, who 
finds clear evidence of selective chemical reaction when hydrosols of 
metals are formed in various media. | 

Though one may speak of the colloid particles as being ionic in 
nature they are sharply distinct from true ions in the fact that they are 
not of the same order of magnitude as are the molecules of the solvent, 

+ Hardy. Proc, Roy. Soc. xov. p. 110. 1900. 
Ibid. p. 66. 
* Phil. Mag, (not yet published). 
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the electric charge which they can carry is not a definite multiple of a 
fixed quantity, and one cannot ascribe to them a valency, and their 
electrical relations are those which underlie the phenomenon of electrical 
endosmose, To such ionic masses I would give the name “ pseudo-ions,” 
and I propose to treat globulin solution from the standpoint of a 
hypothesis of “pseudo-ions.” 

Amongst crystalloids there are substances which exhibit electrical 
phenomena in solution, the electrolytes, and substances which do not — 
exhibit electrical phenomena, the non-electrolytes. Electrolytes are so 
called because the conditions of solution are such that the charged units 
of the solvee can carry equal amounts of + and — electricity and dis- 
charge on to the electrodes. It occurred to me that in non-electrolytic — 
solution the particles of the solvee might be charged all of the same 
- sign, and the condition such as to make discharge on to the electrode 
impossible. I was therefore led to look for instances of électrical 
convection in non-electrolytic solution and I satisfied myself that the 
solvee may be absolutely isoelectric with the solvent, but I failed to 
find a single such case when the solvent was water. Fields up to 
500 volts per centimetre were used and in aqueous solutions such bodies 
as urea, glycerine, glycocol, cane-sugar, and iodoform moved. From 
their chemical constitution and relations the first five are weak bases 
or weak acids, and they move as such. lodoform undergoes decom- 
position’. In a non-ionising solvent such as chloroform solutions of 
azobenzene showed absolutely no drift. They are completely isoelectric*. 

These facts are paralleled amongst colloids. One has hydrosols such 
as those of metals, of acid and alkali globulin, and of acid and alkali 
albumen, of silica, etc., in which the solvee is highly charged. One has 
relatively isoelectric hydrosols such as those of glycogen and starch, and 
hydrosols in which the colloid particles are completely uncharged such 
as solutions of salt globulin or gelatine®. 

On the theory already stated the charge on the colloid particle will 
be due to its acid or alkaline nature‘. Thus cane-sugar acts in 
chemical combination as an acid, and in aqueous solution it moves as 
an anion, Similarly its chemical relatives, the colloids — and — 
starch, move in a field as though they were anionic. 


1 Hardy and Willeock, Proc, Roy: Soe. p. 200. 1903. 
2 The experimental method is given in the appendix. . 
_. 8 The drift measured by Whitney and Blake (Am. Chem. Soc. xxvi. 1.1888, 1904) is 
due to partial electrolytic decomposition of the gelatine. 
4 Picton and Linder, Journ. Chem. Soc. uxxt. p. 568. 1897. 
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been considered so far, clearly is applicable only to cases when the 


_ colloid solution is electrically active. The precipitation of electrically 


inactive hydrosols by neutral salts needs some quite different explana- 
tion, and Billitzer’, and Pauli* in a series of most interesting papers 
on the precipitation of proteids, are wrong in attempting to bring all 
cases of precipitation by electrolytes within the one theory. 

The precipitation of electrically inactive hydrosols can be adequately 


explained on the lines suggested by Spiro*® as a separation into two 


phases, one a solid phase rich in the colloid, poor in salt and water, the 
other a fluid phase, rich in water and salt, poor in the colloid, the action 
being exactly similar to the salting out of alcohol from a mixture of 
alcohol and water by the addition of magnesium: carbonate. 
Electrical precipitation is distinguished from salting out in the same 


way as ig the precipitation of calcium from a solution of the hydroxide by : 


potassium sulphate to the precipitation of potassium sulphate by calcium 
sulphate as the double salt K,SO,CaSO4H,0. In the one case the 


precipitant is decomposed, in the other case it is not. The pre- 


cipitation of electrically active hydrosols is distinguished also by the 
small concentration of electrolytes necessary to produce the change, 
whereas.a high concentration is necessary to salt out. 

According to Hofmeister’ the precipitating action of salts is due to 
their “water depriving” action. Clearly this view is not applicable to 
the cases where salts act as precipitants at very low concentration. It 
is however a convenient way of considering salting out, the separation of 


the precipitate being due to the appearance of a lower hydrate of 


globulin just as the concentration of added salts determines by their 
dehydrating influence the particular hydrate of MgSO, which separates 
from a solution of the salt*, | 

Cases of precipitation in which both actions concur obviously are 
possible, as when for instance an electrically active colloid by reaction 
with one of the ions of a salt is converted into an electrically inactive 
colloid which is separated as a solid phase only when the salt concentration 
Ann. p. 902. 1903; Zeits, physik. Chem, xuv. p. 307. 1903; x1. p. 129. 


* Beit. f. exp. Physiol. u. Pathol. uz, p. 225. 1901; v. p. 27. 1908; vz. p. 288. 1905. 
Ibid. rv. p. 800, 1902. 
* Ditte. Compt. Rend., p. 1266. 1904. 
exp. Physiol. u. Pharmak, xxtv. p. 246, 1888; xxv, p. 1, 1889. 
Van 't Hoff, Meyerhoffen, and Smith. Preuss, Akad. Wiss. Berlin, x1. p 1034. 


The theory of precipitation of colloidal solution by salts which has 
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reaches a certain point. In this case, owing to the feeble chemical 
potential of the colloid, the first reaction by the law of mass action can 
take place only when the salt concentration reaches the point when the 
new compound is thrown out of solution. Precipitation of proteids by 
hydrolysed salts, such as ammonium sulphate, sodium acetate, and the 
salts of the heavy metals perhaps are examples. 

The simple salting out of proteids so far as the imperfect knowledge 
which is available goes, is similar to the separation of a solid phase when 
ammonium sulphate is added continuously to a solution of potassium 
sulphate. The solid phase is a continuously varying solid solution of 
the two salts, therefore the composition of both fluid and solid phases 
alters continuously with addition of either component. There are no 
breaks in the curve. Both Pauli’s papers and Osborne’s' recent 
paper on globulins give indications however that when salts of the 
heavy metals are used the concentration curve shows breaks which 
would correspond to a change in the nature of the solid phase such as 
is seen for instance when lead iodide and potassium iodide in solution 

are in equilibrium with a solid phase. The latter according to the 
composition of the fluid phase is lead iodide, or potassium iodide, 
or a double salt’. 

_ In an earlier paper* I used the adjective “reversible” to distinguish 
certain colloidal systems such as gelatine-water from systems such as 
silica-water because in the former case gelation occurs with a fall of 
temperature, and is reversed by a rise of temperature. The word 
“reversible” was unfortunate in the first instance, since the last thing 
one would say of colloidal systems is that they undergo changes of state 
which are reversible in the strict physical sense of the word, but no 
other word equally convenient suggests itself. Pauli has applied the © 
word in quite another way, and unless the point is cleared up confusion 
will arise. 

When a new state of matter is formed in a system it may be said to 
be irreversible with respect to any one of the factors which produced 
it, which are the relative masses of the components, temperature, and 
pressure. A solid phase for instance may become again miscible with a 
fluid phase owing to a rise or fall of temperature, in which case the state 
is reversible with respect to temperature. I used the word reversible 


1 American Journ. of Physiol. 1905. 
* Schreimenakers. Zeits. f. physik. Chem. x. p. 467. 1893. 
3 Proc. R. Soc. uxvt. p. 95. 1900. 
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originally only in this case. The solid phase may disappear when any 
one of the components is added, or removed, as when globulin is 
redissolved by the addition of water, or of salt. Pauli describes 
precipitates of proteids as being reversible or irreversible solely with 
reference to one component—water, though amongst the cases which 
he has studied are instances of irreversibility with respect to water, 
reversibility with respect to either of the other components salt and 
proteid ; and the work of others from Alex Schmidt downwards shows 
that many of his cases of irreversible precipitates may be — to be 
reversible with respect to temperature. 


Preparation of the globulin. Except where it was otherwise stated 
globulin from ox serum prepared as follows was used. 


The serum was centrifuged to free it from particles, diluted ten-fold, and acidulated 
with acetic acid. The copious precipitate was purified by being twice dissolved in alkali 
(usually ammonia) and precipitated by acid (usually acetic) or vice versd. To free it from 
excess of adherent salts it was suspended in water centrifuged off, resuspended, collected 
on a hardened filter and washed with water. Sometimes prolonged dialysis was resorted 


to. Tolnuol and camphor were tried as disinfectants, and the dialysis was carried out | 


in closed vessels. Water saturated with the former seems to be without action. Camphor 
acts on alkali globulin, producing an insoluble modification ; it seems to be without action 
on acid globulin. Where it was specially important to follow the weshing out of the salts, 


wash-water tested for chloride. 


ACID AND ALKALI GLOBULIN, 


The point of solution by acids or alkalies is indeterminate. In the 
change from the mixture of globulin suspended in water to a bril- 
- hant transparent solution, or backwards from a brilliant solution to a 
suspension a continuous series of events occur which make it impossible 
to say where solution is complete. 


The reverse change, clear solution towards suspension, may be 


produced by dialysis. When the acid or alkali is monovalent the 


solution gradually changes towards whiteness until it becomes opaque. 
At the same time no precipitate falls and, in the absence of any — 


disturbing factor dialysis alone will not precipitate the globulin. 


For example—some globulin was dissolved in acetic acid to.a clear transparent 


solution; concentration of acid, 0-006 equivs. per litre. It ‘was dialysed in a closed vessel 
against four successive lots of boiled distilled water which in each case were allowed to 
remain until equilibrium between dialysate and dialysee had been approximately reached. 
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gr. oquive: por lure Condition of the dialysee 

0. 0°006 Limpid transparent solution. 

I, 00023 Transparent: light opalescence. 

II. 0-00095 Translucent : white opalescence, by trans- 

: mitted light. 
Il. 000025 Opaque white : objects sill visible through thin layer 
(0°5 cm.) if strongly illuminated. 

IV. 0-00012 Completely opaque milky fluid, still no precipitation. 


No. IV endured without precipitation for 20 days when the equilibrium was destroyed 
by moulds appearing and the globulin was thrown down en masse. 

Similar phenomena are seen when strong acids such as HCl, oe 

NaOH, or NH,OH are used. 


It follows from the above that the grade of solution whol a given 
quantity of solvent will produce depends primarily upon the ratio mass 
of globulin to mass of acid or alkali. The effect of the degree of dilution, 

that is to say of the mass of the third component, water (freed from 
gases), on the grade of the solution is too slight to be detected when the 
solution is one of alkali globulin, and it is almost negligible for solutions 
of globulin in strong acids. Thus the continuous addition or subtraction 
of either component produces a continuous series of changes with no 
break corresponding to the separation of a second phase. As a special — 
case take the removal of the component water by evaporation; at no- 
point is there a separation into two phases, the components are miscible 
in all degrees. Dry globtlin, dried in vacuo over sulphuric acid and 
caustic. potash swells to a jelly in presence of exceedingly dilute alkali 
or strong acid, and the jelly is miscible with the fluid in all degrees. 

As the ratio of the mass of acid or alkali to the globulin is reduced 
and the grade of the solution diminished its stability also is diminished, 
a smaller and smaller quantity of acid or alkali, as the case may be, 
or neutral salt. being needed to destroy it. 

_ The statement that no second phase separates needs qualification. 
The change from transparency to opacity means the appearance within 
the fluid of particles of the order of at least 10~* cm. in size and which 
therefore are defined by a surface. They are not of molecular dimensions — 
and they constitute a phase which separates in a special way in that it 
never aggregates to form a separate layer. It has long been known that 
in the separation of a new phase from a fluid the first stage is a labile 
state, in which the new phase appears as minute spheres condensed 
on to some nucleus; this is true even when each sphere will ultimately 
give rise to a crystal. The characteristic of the globulins, and probably 
of very many hydrosols, is.that the labile stage of crystalloid solution 
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becomes subpermanent, the condition being in all probability one of 
false equilibrium. 

Looked atin this way the change of state due to the continuous 
addition or subtractiun of either acid or alkali or globulin is a continuous 

change in the composition of two phases, a fluid phase poor in globulin, 
and an internal fluid or solid phase rich in globulin, Both phases vary 
continuously, as do for instance the fluid and solid phases when either 
ammonium or potassium sulphate is added continuously to a system 
composed of both salts and water. The solid phase which separates is 
a continuously changing mixture of the two salts to which the name 
solid solution has been given. 

Now it is possible to speak of the solution of acid in alkali globulin 
as being composed of two continuously varying solutions or of two 
continuously varying compounds, and the latter is the better because 
it takes account of a number of purely chemical phenomena such as 
reaction to indicators, hydrolytic reaction with the water, or electrolytic 
dissociation, which occur. 

The system differs from a mixture of the gases ammonia and 
hydrochloric acid since though the latter in the solid state combine to 
form NH, HCl the gas system composed of reacting weights (NH,+HCl) 
does not contain the compound NH,.HCl. Acid and alkaline globulins 
show by neutralisation and other phenomena that throughout there is 
true combination, though when the compound is between globulin and 
a weak acid the condition of free globulin and free acid, similar to 
NH,,,, + HCl,,, is realised at great dilution. 

In the system two salts and water when a solid phase appears, the 
equilibrium over a certain range of concentration is usually between a — 
fluid phase and a definite double salt (e.g. potassium and silver nitrates, 
calcium sulphate and potassium sulphate, silver chloride and sodium 
chloride), and the two phases do not vary continuously. When globulin 
is dissolved by the bibasic acid, sulphuric acid, a similar discontinuity 
is found. Removal of the acid by dialysis leads to the formation of 
a solid phase which separates completely as a precipitate and which 
appears to be a special insoluble compound of acid and globulin. After 
washing with water it is found to be insoluble by neutral salts, that is to 
say the special globulin feature is lost. It is, however, soluble by . 
dilute alkali, and the globulin can then be recovered by neutralisation 
with its original properties unchanged. 

The foregoing considerations makes it clear that to define the 
globulin system two curves are needed, one for the changes of com- 
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position of the external fluid, the other for the internal non-settling or 
settling phase, the two curves being those to which Roozeboom gave 
the names respectively of “liquidus” and “ solidus*,” 


The solvent powers of various acids and alkalies. In order to 
measure the different solvent power of reagents two methods were 
employed, namely the addition of minimal amounts of acid or alkali to 
a suspension, which after standing for some time was centrifuged to get 
rid of the excess proteid, or the matching of solutions, taking care to 
allow for the depth -of the layer, and to make the final comparison 
at the same concentration of the proteid. 

In the second case one measures the amount of solvent/needed to 
produce an arbitrary grade of solution at volume V. The first case is 
more complex, since it includes the distribution of acid and proteid 
between a fluid and a precipitate when the reacting masses are the 
same. The grade of solution in this case may differ very widely, being 
perhaps opaque white in the one case and transparent opalescent in the 
‘other. 

By the second method some 250 measurements were made at temper- 

_ atures from 2° to 30° and at concentrations from 0°28 to 418 dry globulin 
per 100 c.c. with 9 different specimens of globulin. | 
: If the mean value for the amount of acid required to dissolve — 
1 gram of dry globulin 1 is given in terms of HCl=1 we have: 


HCl 10 BBO, 1691 Citric 8 
HNO, 0-995 Tartaric 1-994 H,P0, 29 
CHCLCOOH 10 Oxalic 1-9 H,BoO, great excess. 
0C1,COOH 10 7 
CH,CICOOH 1°05 

HCOOH. 1°25 
CH,COOH 5-2 
CH,CH,COOH 7-56 


The values for strong monobasic acids are approximately the same 
within the limits ‘of error. The first four acids are strong acids, and 
the value is that of HCl. Monochloracetic acid is rather less than half 
the strength of these, but the slightly diminished solvent action is 
within the limits of error. In the last three, which are less than a tenth 
the strength, the fall in solvent power is decided. As the dilutions 
employed were of the order of 0005 normal all the _— are strong 

_ acids with the exception of the fatty acids. 


1 Cf, Heycock and Neville, ‘On the sonttation of the copper-tin alloys,” Phil. 
Trans. A. 202, R. 1. 1908. 
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0-006 N. | 
by 

HCl 3654 8672. 
HNO, 8636 3665 | >0-99 
CC1,COOH 8570 8560 25 
CHCI,COOH 3800 3584 25 0-92 
CH,CICOOH 1550 8608 25 0-48 
HCOOH 678 8740 25 0°180 
CH,COOH 207 3610 0-057. 
CH,CH,COOH 198 3560 0-054 
H,80, 3190 3552 18 0°898 
Oxalic 1680 3500 "18 
Tartaric 850 8500 18 0248 


_ For the strong acids the solvent power is a molecular function, 
HCl = «= H,PO,; 


and if solution takes place through salt formation the ‘salt is GHCI, 
GH,SO, or GH,PO,. 


This result agrees with that of Bugarsky and Liebermann! for | 
combination of egg albumen or albumose with HCl, and as they point — 


_ out, it resembles the combination of NH, and HC} to form NH,Cl. 


This type of combination in which molecules combine together — 


without replacement is characteristic of the amido acids react 
with other acids as basic anhydrides, . | 


The values for solution by alkaline bases show the same interesting _ 


relation. Taking the value for NaOH as unity we have 


1. 
NaOH 1 ., 
NH,OH 0°98 
Ba(OH), 2:008 
me dissolve ; relation not measured quantitatively. 


- Here again the molecule of Ba(OH), has the same solvent power as 
the molecule of KOH, NaOH, and NH,OH. But the series differs 
from the acid series in the fact that the base NA,OH which is about as 
weak as acetic acid has the same solvent power as the strong bases. _ 

Aniline in aqueous solution readily dissolves globulin. Urea only 
_ with difficulty and at high concentration. It can be compared to 


Pfliiger’s Arch, uxxn. p. 51. 1898. 
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boracic acid, which also dissolves globulin but only in saturated or 
_ nearly saturated solutions. Picric acid is a good solvent of globulin, 
_ but a secondary change rapidly sets in which leads to precipitation, the 
precipitate being resoluble in excess alkali Whatever the strength of 
acid or base (urea and picric acid alone were not tried) the effect of 
solution is that the globulin becomes electrically active and moves in a>. 
field as though true salt formation had occurred. That is to say, 
dissolved by acid it is positive (GS —* G- +8’), dissolved by alkali it is 
negative (GB _~ G’+B:). It behaves like an amphoteric electrolyte. 


Gravimetric determination of the solubility of globulin was made for 
HCl, H,SO, and H,PO, in order if possible to confirm the molecular 
relation described above, G=HCl=H,SO,=H,PO; The conditions 
are complex owing to the presence of the solid phase. The grade of 
solution is not the same, that of hydrochloric acid being much higher 
(more transparent, less opalescent) than the others. The mass of- 
globulin retained in solution by equivalent weights of the acids 

depends not only upon the concentration of the acid but also upon the 
concentration of the globulin. It is not sufficient to define it as being 
in excess. There must be a partition of the acid between the globulin 
in solution and the globulin in the precipitate and one is measuring 
the distribution of the globulin between two solutions, the one poor, 
the other rich in proteid, which are separated under the stress of 
centrifugal force. The latter factor cannot be neglected, as van Calcar 
and Lobry de Bruyn’ have shown that the composition of solutions of 
Precis -erystalline bodies such as sodium sulphate is altered by 


"agree in " showing an approximation to the molecular solvent power 


already noticed. 
Globulin 2°721 grs. per 100 c.c. 
vol.inlit.of 
equiv. of acid HCl 
1883 00084 
1000 0-0186 00074 
500 00775 00183 
388 00939 
328-6 0-0979 
250 00479 
The figures show the grammes of dry globulin in the solution per 1.0. ;0y acid 
added. 


1 Rec. Trav. Chim. Leiden, xxmt. p. 218, 1903. 
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Lem ore 1 0.0. H,PO,=0-0954 grs. 

The differences in the solvent~power of the various acids and 
alkalies can be explained by assuming that the proteid compounds 
undergo hydrolytic dissociation in the way so well discussed by 
Osborne! for caseinogen. 

According to the well-known theory of hydrolysis the fraction 
hydrolysed will be’ greater the weaker the acid, and will be diminished 
by an excess of acid, the excess needed being smaller the stronger the 
acid. Therefore, in order to reduce opalescence to a minimum, the acid 
required is the amount necessary to combine with the globulin plus the 

_ excess necessary to depress hydrolytic dissociation. Call these amounts 
respectively m and n, then for a strong acid m+n will not differ largely 
from m in value, for a weak acid m +n will be much larger than m, and 
this is what the figures show. In the case of an acid so weak as boracic 
acid n is so large compared with m as to lower the solvent power to a 
very low level. 

The effect of volume on the amount of acid necessary to dissolve, 
also can be explained by the theory of hydrolysis. 

I take as the unit the grarfi equivalent i aca unit the amount of 
acid arenes to dissolve 1 gram dry globulin. 


lives HA HCI 

| 0°28 183 23 
1°46 56 15 

4°18 40 13 


On the theory of hydrolytic dissociation the fact that the weak 
alkali. NH,OH has the same solvent power as KOH, and NaOH can 
only mean either that the ammonium proteid compound is not ionised 
or that globulin is a much stronger acid than base. As we shall see, 
the electric conductivity shows that NH,OH globulin conducts rather 
better than NaOH globulin, therefore the proteid must be a stronger 
acid than base, and this conclusion is supported by other observations. 

Ty comparing the solvent power of acids and alkalies iia pela is 
only possible for the strong acids. 

Acids are always feebler solvents. than alkalies, 


1 This Journal, xxvil. p. 898. 1901, 
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The actual figures are (as mean values) in the sanie units (equivs. x 10-* to 1 gr. 


NaOH, KOH HCl, HNO, 

NH,OH 10 | CCl,COOH 

C,H,NH,OH CHCI1,COOH 
CH,CICOOH 


There can be I think little doubt that the trae ratio is 10/20, since 
the method of comparison being an optical one, the volume aaicwn at 
would increase the difference actually obeerved. 

The degree of hydrolysis, that is the fraction of a salt split into 
free acid and free base by interaction with water, usually increases with 
rise of temperature. Osborne’ used this temperature relation to 
support the view that the opalescence of certain compounds of caseinogen 
is due to liberation of the proteid by hydrolysis. The opalescence of 
caseinogen solutions increases with a rise of temperature, as it should 
do according to theory. But the opalescence of solutions of globulin 
diminishes with rise of temperature, even when the solvent is a weak 
acid. The amount of acid required to produce a given grade of solution 
therefore falls with a rise of temperature. 

The change of state from 2° to 40° is not very great, and probably 
complex. If it were due to simple’change in the degree of hydrolysis 
the opalescence should return on cooling. This it does either very 
slightly or not at all. 

_ Globulin in combining with molecules and not equivalents of acids 
behaves like the amido acids; ie. it acts like an anhydrous base. But 
judging from -the solubility ‘data it reacts also with the molecule of 


a base, | 
G = NaOH = Ba(OH),. 
That is, it reacts as though it were an acid —e analogous to 
CO, in the hypothetical equation : 
CO, + NaOH = NaHCO,. 


So far as I know no instances of such a reaction hens | ever been 
detected. The behaviour of globulins with indicators furnishes another 
suggestion. 


Acid or alkali globulin and indicators. Freshly precipitated and 
washed globulin or globulin dried in vacuo in presence of H,SO, and 
KOH reacts acid to thoroughly dialysed litmus, gives no colour with 

phenolphthalein, and only very slightly depresses the orange tint of 


i loc. cit. 
PH. XXXII. 18 
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methyl-orange. The acid reaction with litmus might be due to CO,, or 
to other acids held by the proteid. | 
To test this globulin, dissolved in NH,OH and precipitated by HC! 
three times, was washed at 5° until the wash water was free from 
chlorine, and the proteid when dissolved in large excess of HNO, gave no 
clouding with silver nitrate. It was then dried and kept i vacuo ovet 
H,SO, and KHO for some weeks. Distilled water free from CO, 
coloured with litmus was turned red on addition of the solid in vacuo. 
A solution of Ba(OH), was made neutral to phenolphthalein by it in 
vacuo. | 
A strong alkali such as NaOH even ‘in Ba solution gives a fiely 


sharp neutral point with globulin, two drops excess - giving aed 
| colons with phenolphthalein. 


Methyl orange behaves in a interesting kIn presence 
of a suspension 1 of globulin it is orange, on addition of 59 HO! or H,SO, 


drop by drop it turns at first bright canary, that is : et over to the 
alkaline side, further addition of acid finally gives pink. 

_ The relation of the point of maximum insolubility of the globulin to 

the reaction with indicators can be shown diagrammatically. 


+. the diagram, solution means the point at. which aia is 
Now it is remarkable. that in order just to 
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to. phenolphthalein with the strong bases KHO or NaOH the amount 


of alkali needed is approximately twice that. required to dissolve the 


proteid. On the other hand, the point of solution and of neutrality to 
the same indicator coincide for Ba(OH),. Therefore for the monovalent 
alkalis there are two values, one the amount necessary for solution (of 
the order of 10 x 10 equivs. per 1 gram globulin), the other of the 
order 20 x 10-* necessary to produce excess OH ions. 

On the hypothesis of salt formation these facts suggest that globulin 


has at least two replaceable hydrogens, and that its acid salts of 


sodium or potassium are soluble, while its acid salt of barium is 
relatively insoluble, the neutral salt being soluble and neutral to litmus 
and phenolphthalein. 

With a weak. base, such as ammonia, the point of solution remains 
the same, but the point of neutrality to phenolphthalein is much more 
indeterminate but clearly beyond that for the strong bases. 

The evidence which indicators furnish of the combination of globulin 
with alkalis being due to replaceable hydrogen is strengthened by 
other experiments, 

In our ignorance of the effect of dilution upon solution of the 
colloid type one is chary of ascribing much weight to coincidences 
between values obtained for molecular conductivity and those given by 
ordinary solutions. If however colloidal solution be an emulsion, one 
is reassured by the remarkable fact that in partially miscible liquids 


near the critical point, though internal friction and some optical 


properties show abnormalities, electric conductivity data are normal’. 

Now alkali globulin compounds ionise freely, as is shown by the fact 

that the conductivity of the weak base NH,OH is raised by the addition 

of globulin (Table, p. 276). Therefore it is a remarkable coincidence 

that the values for sige x 32 — fsa for NaOH just neutralised with globulin 

gives Ostwald’s characteristic value for a dibasic acid. | 
Two determinations at 18° gave respectively — 


553 34°4 20°9. 


Bat, as Sackur* points out, with such low values for u the simple 
difference cannot be used, but comparison must be made, between ~ 
the ratio of the differences to the value at »,. By this method, 


1 Friedlander. Zeits. f. physik. Chem. xxxvutt, p. 885. 190 
Betts. f. physik. Chem. p. 672, 1908. 
18—2 
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where the values of sd are compared, globulin comes out as five 
basic. 

Whatever the significance of the molecular relation 
globulins and alkalis it is fundamental so far as proteids are concerned, 
since it is exhibited also by acid and alkali albumen derived from 
egg-white and freed from electrolytes by prolonged dialysis, using the 
same units, equivalents x 10-* needed for 1 gram dry proteid. 


Faint pink with’ 
Solution phenolphthalein 
NaOH 273 57 
NH,OH 29 100 
Ba (OH), 57 | 65 
Alkali albumen from egg-white (-363 grs. per 100 cc.). 
NaOH 36 
NH,OH 87 
Ba (OH), 77 


In order to get additional evidence as to whether globulin is a 
stronger acid than base I measured the degree of hydrolytic dissociation 
of the HCl and of the NaOH compound by the velocity of cr of 
cane sugar and of methyl acetate respectively. 

Inversion of cane sugar. A suspension 
per 100 .¢. was used and the following solutions made: 

(i) Globulin, HCl, cane sugar. 

(iii) Water with globulin ash dissolved in it, HCl, cane sugar. 

(iv) Globulin, HCl, and water in place of the cane sugar solution. 
Acid and globulin were present in ratio 1 gr. globulin = 9-58 x 10-5 equivs. acid. 

Concentration of HCl 0:001887 equivs. per litre or 


” » globulin 19°275 grs. per litre, . 
” » Sugar 


_ Solution (iii) was a control to determine the effect of the salts of the globulin on the 


velocity ; 30 o.c. of the suspension was evaporated to dryness, carefully ashed and the-ashes 


taken up with 30 o.c. water. This was used in making up solution (iii) in the same volume ~ 


as the actual suspension in numbers (i) and (iv). 
The four solutions were kept at 20 in closed flasks, the disinfectant being the hydro- 
chloric acid present, and a trace of toluol. 


At the outset the amount of NaOH 1, necessary to produce maximal precipitation of 
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the proteid was determined, and the proteid was removed in this way from some of 
(i) and (iv) to get initial readings. 
After 140 hours solution (iv) i.e. the control, was precipitated by aap NAOH, and the 


precipitated proteid filtered off. The filtrate gave practically no rotation. 
The proteid therefore was removed from solution (i) in the same manner by the 
N 


_ addition of 7, NaOH: the same volume of NaOH solution being added to numbers 


100 

(ii) and (iii). 
It was found that the amount of alkali needed to precipitate the proteid increased 
remarkably in the flasks with sugar present (i) but remained unchanged in the flasks with 
no sugar (iv). 

In the former it was abnormally low at first, complete precipitation being produced by 
alkali equal to one-third the acid added, but after 140 hours the amount of alkali 
necessary slightly exceeded the amount of acid originally added to dissolve. 


an A Constant 
(i) + 11-089 + 10-815 — 3-758 794 x10-* 
(ii) 10-216 296 x 
+ 10-725 111-7 x10-* 


This gives two values for the amount of “free” acid accordiug to whether comparison 
is made with HCl alone, or with HCl and globulin salt ash. The former gives 26°83 °/, of 
the HCl free, the latter 71°1°/,. As the change of state of the proteid in presence of acid 
and sugar introduces an unknown error these figures can be taken only as indicating in a 
general way that the proteid is a weak base and that therefore a large fraction of the 
compounds with acids undergo hydrolytic dissociation in aqueous solution. 


Catalysis of methyl acetate. Globulin purified by twice being dissolved in ammonia, 
and precipitated by HCl, then washed at 5° until filtrate gave no chloride with silver 
nitrate: dried in vacuo over H,SO, and KHO, 

Made into suspension with distilled water and kept as far as possible free from CO,. 

Three previous attempts to measure the constant showed that to obtain readable values 
and to take advantage of its antiseptic action it was necessary to have the methyl acetate 
present in a molecular concentration in excess of the NaOH. 

The catalysis was carried out in a number of flasks at 20'and in order to obtain the 
constant for NaOH alone the same relative concentrations of alkali and ester were 

Cone. globulin 1 litre=25-76 grs., 
»  NaOH= normal, 
1 gr. globulin =17°127 x 10-5 equivs. NaOH. 

The NaOH used was freshly prepared from metallic sodium, and the globulin was 
dissolved in it to a point just short of giving colour with phenolphthalein, but in excees of 
the amount needed to dissolve (1 gr. =10 x 10-5 equivs. NaOH). That is to say the point 
is as near as possible to the hypothetical neutral salt GNa,. 

uy Cone, methyl acetate 0°02395 gr. mols. per litre. 

The fundamental equation for the velocity of the decomposition of the ester is 

-—dC=KC (C +8) at}, 
where C is the concentration of the alkali and (C' +s) the concentration of the ester. 


1 Arrhenius. Zeits, f. physik. Chem. 1. p. 115. 1887. . 
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; The solution of thie equation given by Arrhenius and ordinarily used is an approxi- 
mation which is valid only when S is very small compared to C. In my measurements S 
is large compared with C and therefore it was necessary to use the general logarithmic 
solution, 

1 

constant at 25° and found 10-2. | 
The constant for the NaOH proteid was calculated by the equation given by Shield*: 

K (t, t) 


K is the constant for NaOH; ¢ cone. of ester, c, the conc. of “the NaOH siiacia is 
reckoned as the normality of the NaOH present, z is the amount of ester decomposed in 


time (t,—t)) reckoned in minutes. 


molecule per litre, 
Briggs’ instead of natural logarithms: 


c- 


Titrations were carried out with 0°01 normal Ba(OH), and phenolphthalein, That is 
to say one directly measured the amount of acetic acid produced by decomposition of the 


t z K 

1490 058 2°887 | 888 x 10° 
“404 036 2-359 x10-* 
4024 050 2-345 899 x 

5644 "B55 085 [858 x 10-*] 


The last value at t= 5644 obvious bacterial decomposition had set in, ‘The ester is a 


good antiseptic, and until it is largely decomposed bacteria do not seem to make headway. 
Considering the difficulty in judging the end point of the titration owing to the opalescence 
of the solution the agreement in the values for K are 


From the mean value of K one finds that 0-288 °/, of the NaOH present is in the free es, 


form, that is to say, only 0°288°/, of the globulin NaOH compound is decomposed by 
the water. 


The amount of NaOH present was, as I have said, in excess of the amount necessary 


to dissolve the proteid and near to the hypothetical “neutral” salt, therefore it is 


interesting to see that the degree of hydrolysis agrees with that of Na,HPO, when 
Shield’s value for the latter is corrected for dilution by the effect of volume on the 
degree of hydrolysis in other salts. 

a. ee of a strength not far inferior 


1 Ber. d, d. chem. Ges. xxvii. p. 8, 8066. 1899. 
Phil. Mag. (5), xxxv. p. 865, 1898. 
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relation is obscured in the case of weak acids owing to the high degree 


_ a8 ammonia not being displaced in the series, 
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These results show that acids react with globulins to form soluble 
compounds in molecular and not in equivalent ratios, but that the 


of hydrolytic dissociation which occurs. 

_ Alkalies also react to form soluble compounds in molecular and not 
in equivalent ratios, and owing to the stronger acid function of globulin: 
the relation is less obscured by hydrolytic dissociation, so weak a base 


The simplest interpretation of these relations would be that globulin 
compounds are : 
G+HS=GHS or G+BOH = GBOH. 


The first is similar to the manner in which acids combine with the 

amido-acids to form salts | 
RNH,.COOH + HS = RNH, COOH. HS. 
No analogy can be found for the latter equation. 

In this difficulty the reaction with indicators suggests that italien 
has a series of replaceable hydrogens and that it can therefore form acid 
salts, the acid salt of barium being relatively insoluble. This would 
account for the facts and yet leave ope the possibility of combination 
replaceable hydrogen, 

GH, + NaOH = GH, Na + HOH. 


THE ELECTRIC CONDUCTIVITY OF SOLUTIONS OF ACID uD 
ALKALI GLOBULIN. 


Measurements of conductivity were made, except where it is siliai 
wise stated, at 18°. Platinum terminals coated with platinum black in 
the ordinary way are not suitable for work with proteids; the platinum 
itself, or substances absorbed by it, cause changes in the proteid such 
as to raise the conductivity. This source of error is avoided by heating 
the coated terminals to red heat as recommended by Whetham, the 
platinum black being thereby at once changed to a fine-grey deposit. 

The units employed in the following pages are ohms and reciprocal 
ohms, and specific molecular conductivity or », following the plan in the 
British Association. Tables, is given in C.G.8. units x 10". K is used to 
designate specific conductivity, R specific resistance. 

A suspension of a globulin always has a conductivity which, though 
low, is large enough relative to the conductivity of solution in acids or 
alkali to form an important correction, As an instance of the relative 
values to be dealt with the following will suffice. 
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A suspension holding 7°737 grs. globulin per 100 c.c, 
'. - Part was dried and charred, the char extracted with water, the char ashed at low red 
heat and the.ash taken up with water so that the final volume of electrolytes of char and 
ash was that of the original suspension. 

18° K suspension 81 x 10-* Kash 20 x 10-* 
Various alkalies as 0*1 solution were added to dissolve the globulin, 
1 gr. globulin = 10-34 x 10-* equivs., 

td garth flloing or th of the water 830-1) 


$288°5x10-* p 389 352 
3890 x10* 526 Peorr. 489° 
Kua 409°7 x 10-6 553 Meorr. 515 
183°4 x p 288 243 


Heorr. is the value corrected by subtracting Ksuspension, OF 

The correction for the conductivity of the globulin alone cannot be 
neglected, it is doubtful how it should be employed. If Keuspension 
represents undecomposed proteid compound either the observed con- 
ductivity or the sum (K + Kyusp.) would be nearest to the true value; if 
it be due to absorbed salts then observed conductivity minus the con- 
ductivity of the suspension is probably nearest to the true value. 
I have chosen the latter alternative and the values for uw given are 


except when it is otherwise stated. 


In dbecaiban the effect of volume upon conductivity, therefore, 


two sets of measurements ‘are used, one of the globulin compotind at 


certain degrees of dilution, the other of the suspension at the same. 


dilutions, The corrected conductivity is the difference. 
HCl globulin. 1 gr. globulin=9-318 x 10° equivs. acid. 18°. 
v is the volume in litres of 1 gr: equivalent. 
107°2 [185] 216°9 438°8 867°6 1785 8470 
439 (515) 596 1056 834 991 
NaOH globulin. 1 gr. globulin=9-75 x 10-® equivs. alkali. 18°. | 
[82] 152°2 804-36 608°7 1217 2435 4869 


[820] 375°6 408-8 463 523°7 592 748 
NaOH globulin. 1 gr. globulin=18 x 10-°. 

v 82 64 128 256 1024 

ps 334 401 451 484 549 


The values in brackets do not belong to the series, they were made at different dates 
and on different samples of globulin and in both the ratio globulin to acid was different : 
[433] HCl 1 gr. globulin = 10°34 x equivs. 

NaOH ,, » 810 
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‘Jtgg is difficult to obtain. The globulin solution at this concentration, and indeed up 
to and beyond »,,,, is as viscid as stiff treacle. Accurate measurements of volume therefore 
are practically impossible. A comparison of weights and volumes showed that the method 


adopted might give a maximal error of 1:8 °/,. 


These values are plotted in curves (Fig. 1). 

They are completely uncorrected for variations of viscosity—there- 
fore it is remarkable that the curve of NaOH proteid should be of 
quite ordinary slope. The curves for the three phosphates of sodium 


are plotted for 


1200 


300 900 goo 00 
— > Shee, mol, conduct. 
Fig. 1. Ordinates, the volume in litres occupied by 1 equivalent. Abscissm, the specific 
molecular conductivity (u) in o.¢.s, unitsx10% at 18°, IL NaOH globulin. 
1 gr. globulin=9°75x10-* equivs. II. NaOH globulin. 1 gr.=18x10-° equivs. 
III. HOl globulin. 1 gr.=9°32x10-° equivs. IV. NaH,PO,. V. Na,HPO,. 


The table on p. 284 shows that in these solutions viscosity rises 
rapidly about v=110. Botazzi' found that at a certain concentration 
of casein (8°/,) and egg albumin (+ 10°/,) viscosity rises to an “ enor- 
mous value.” It is therefore remarkable that the curves should show 
so even a sweep. The fact is in agreement with the observation of 
Friedlander? already quoted that in partially miscible liquids near 
the critical point conductivity is normal, viscosity abnormal. — 

The chief point in a comparison of the curves for u-volume is that 

1 Arch. Ital. de Biol. xxxx. p. 420. 1898. 

Loe. cit. 
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the molecular conductivity increases with increase of volume much 
more for HC! globulin than for NaOH globulin owing to the weaker 


‘basic function of the globulin. The molecular conductivity of a 


hydrolysed salt is by the well-known equation 
(1 —@) + NaOH: 

in which @ is the legs hydrolysed, », the molecular conductivity of 
the undissociated salt, and pac: Neon the molecular conductivity of the 
free acid or base. Therefore as 2 increases with dilution and pyc, naon 
is always greater than yw, owing to the high ionic velocity of H* and 
OH, it follows that M, must increase with dilution the more rapidly 
the greater the degree of hydrolysis. 

The slope of the curve for NaOH proteid is incompatible with any 
but a slight degree of hydrolysis: that for HCl proteid might signify a 
considerable degree of hydrolysis, 

A Comparison of the effect of globulin upon the conductivity of 
various acids and alkalies, in other words a comparison of the value for 


Fo on et, very clearly points to a stronger acid than basic 


Keun on and Kacia are uncorrected 
for conductivity of the 
Kes, 
0-9 0-79 29050-0* 
-0,H,COOH 0°84 151-7 4°54 145-2 
HA 0°8 16-72 28-49 
CH,CICOOH 436-4 10-81 21-2 
CHCI,COOH 0-188 488°7 1081 21-09 
CC1,COOH O191 #4497 10°81 
HNO, 0°24 453-4 10-81 20-41 
Ho 0°24 454°7 10°81 20:8 
H,PO, 0°22 965-7 12°05 28-68 
Kea 
Kalk. 
 NHOH 1047 96 . 98 
NaOH 0-29 12174 ° 841 9°75 
0-21 804-36 88°67 9°75 


* This cannot be regarded as a measure of the solvent power of H,Bo0,. The proteid 
was in large excess and the greater part precipitated on standing. A rough estimate would 
be 1 gr. proteid needs 100,000 equivs. to dissolve. The acid was twice purified by recrys- 


tallisation. The first column gives the relative specific conductivity of the solution of acid _ 
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The fundamental equation of hydrolysis is : 


K 
K = 


where K is the velocity constant of the reaction salt + water = alkali 
+acid and Kacia, are the respective ionisation constants in 
the Guldberg-Waage equation, 

KC AB= C, x Cz. 


Therefore the degree of hydrolysis varies directly with the degree of 
ionisation of the salt (globulin HS or globulin BOH) and inversely with 


the degree of ionisation of the acid or alkali (HCl, NaOH, and © 


globulin). 

Assuming the salts globulin HS and globulin BOH to be ionised to 
about equal amounts in all cases, the degree of hydrolysis, that is to say 
the fraction # of HS and BOR in the foo sate, will be greater the 
weaker HS or BOH. ) 

Since in the equation 


| globulin HS + HOH = . globulin HOH + HS, 
the chief conducting species will be HS, and globulin HS, the molecular | 


conductivity of the other two being negligible, it follows that the 


greater the degree of hydrolysis the more closely must the molecular 
conductivity approach that of the pure acid or pure base at the same 
concentration. Therefore the weaker the acid or base combined with 
the globulin the more closely should the value for 44 agree with 2 
acid: sikati, and the table shows this to be the case throughout the acid” 
series in which, owing to the globulin being a very weak base, the 
fraction # hydrolysed is always considerable, and with such weak acids 
as the first three must approach unity. 

The features in the alkaline series again can ode be explained by 


| supposing that the globulin salt ionises freely and therefore is a good 


conductor, and secondly that it is not hydrolysed to any agi extent 
even when combined with the weak base ammonium. 

In the equation 
| M, =(1 — ©) + Cacia: alkali 
it is clear that if pacia oratkaii 18 less than p,,, the value of M, will be 
reduced by hydrolytic splitting. This is the case with those salts of 
ammonia which ionise freely and hence are good conductors, Pynou 18 
low at all dilutions, the base being a weak one. 

Now the table shows that M, is considerably larger than yp,. 
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Therefore the ammonium globulin compound must ionise freely, and it 
must be hydrolysed to a relatively small extent, and this can be the 
case only if the globulin functions as an acid of considerable strength. — 

If NH,OH globulin ionises freely and hydrolyses slightly, its 
molecular conductivity should exceed that of the NaOH globulin owing 
to the ionic velocity of NH, being greater than that of Na. A com- 
parison made with the same globulin raier identical conditions proved 
this to be the case. : 


18°, oor, = Keuapenson gram equiv. NaOH or NH,OH per litre. 
NaOH 3 NH,OH HCl 
135 889 852 526 489 663 515 
251 422 384 575 644 606 
468 463 407 715 673 


The most striking fact, however, is the difference in the values for 

HA globulin and NH,OH globulin. 3 

Acetic acid and ammonia have about the same molecular conduc- 
tion. Therefore, if these globulin compounds behaved in the same way 
in arwcnainn the equation for hydrolysis 

M, = (1 — posait + pacia: alkali», 

the relative values of jigait ANG pgcia: alkali WOUld be not far distant. The — 
chief difference would be in js; owing to the difference in the ionic 
velocities of acetion and ammonium ion, their respective values at 
infinite dilution at 18° being 36 and 67. ty 

Later on we shall see reason to give a velocity of 15 to the globulin 
ion, therefore, assuming the degree of ionisation to be approximately the — 
same, the ratio would be 

MNH,OH globulin: HA globulin = 820: 510 = 0°63. 

_ In both cases, owing to the small conductivity of NH,OH and HA, 

Meat Must be greater than pacia: axa if the salt ionises freely (as the 

figures for NH,OH globulin show it must do) er the velocity of 
the globulin ion is somewhat low. 

Therefore, the greater the degree of hydrolysis in HA globulin as 
compared with NH,OH globulin, the smaller will be the relative value 
of the molecular conductivity of the former. For unhydrolysed salt the 
probable value of —FHA globulin is as we have seen 0°64, The best 


NH,OH globulin 
values obtained give 03 for puncorrectea 80d 0°27 for poorrecteas And 
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whereas the addition of globulin raises the conductivity of solution 
of ammonia very markedly (ic. M, is > para), the conductivity of 
acetic acid is lowered (M, < jmcia) except in certain cases due to 
impurities, when it is only very slightly raised. No fact which I 
have met with so impresses me as this high conductivity of NH,OH 
globulin. The solution presumably is colloidal, it has a high viscosity 
as judged by the time of transpiration through a capillary tube, it is 
opalescent, and the globulin can be recovered from it by precipitation 
unchanged. Indeed the alkali I have most freely used in the purifica- 
tion of globulin has been ammonia. Yet the globulin ammonia com- 
pound has a high conductivity. How high and how close to the 
molecular conductivity of an ordinary ammonium salt can be seen from 
the following figures. 

Ostwald! showed that ionic velocity falls with increase in the 
number of atoms in the ion. He also showed that as the ion increased 
in size the further addition of atoms produced less and less effect. The _ 
lowest value obtained by him was 29 for an ion of 28 atoms. 

The globulin ion contains many hundreds of atoms, but direct 
measurement proves that its velocity is not excessively low, and in the 
ammonium compound it must lie between 10-and 20 at 18. Take it 
as 15. The velocity of NH; is 67, therefore, in our units, 


=v +v= 150 +670 =820. 


Now the values actually obtained for NH,OH globulin with different 
globulins and at different times were: 


Heorr. 
185 526 489 
251 : 576 584 
1047 696 
1940 827 


- At v= 1940 ionisation is usually nearly complete for any ordinary 
salt and the agreement with the calculated and observed value of mu is 
very striking. 

It is too good—so good as to be suspicious—therefore an attempt. 
was made to determine the magnitude of certain probable errors due to — 
viscosity or electrolytic impurities. 

As all the ordinary salts of ammonia conduct much better than the 
alkali itself, any impurity which combined with the ammonia to form a 
salt, or even was set free by it, would raise the apparent value of w. In 


1 Zeits. f. physik. Chem. x1. p. 840. 1888.’ 
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passing I may notice that exactly the same holds for acetic acid whose 
conductivity is not raised by globulin. I therefore took a solution of 
starch of a conduetivity higher than that of the suspension of globulin — 
and compared its action on the conductivity of ammonia, I also 
determined the effect of the ash of globulin on the conductivity of 


ammonia. 


Seb ofthe the method soph wus as flowy: 


A given volume of suspension was dried down at 100, charred at a temperat bly 


below red heat and the black carbon extracted with. hot water, the carbon was then ashed 
completely at dull red heat, the process occupying 24 hours, and the ash taken up with 
water and added to the previous extract. The combined solution was brought to the same 
volume as the original solution. The final solution I call ‘‘ash.” 

The starch solution used was made from finest potato starch washed by decantation. 


It gave practically no proteid reactions. It was converted into a paste with boiling water, 


the “solution” being thick and opalescent. 
Conductivity values are given x 10°. 
Globulin suspended in water. 7°14 gre. dry globulin in 100 o.0, 
K suspension 30°87. K water. 3. 
Starch solution. 1-74 grs. solid in 100 c.c. 
K starch 386. 
Kash.” 20, 
were titreted with 0-1 normal HCI, HE, WH,OH, and NaOH, the last 


being freshly made from metallic sodium, so that the final concentration was 0°0074 | 


normal or y= 135, c=0°0074. At this stage the globulin was dissolved to a transparent 
opalescent solution, as viscid as a heavy oil, by the alkalies, the solutions in acid were 
however white and opaque. 

1 gr. dry globulin = 10-34 x 10~* equivs. 

Control solutions of the same concentration tombe) were made by adding the 0-1 normal 
‘solution to water. 


Values of 4—those on the left—corrected only for the conductivity of the water, those on _ 


the right (ueorr.) corrected for the conductivity of the “ ash,” starch, or globulin respectively 


Wale. Globulin 
HA 191 178 ‘181 247 210 
HCl 8516 8554 8585 8301 8255 558. 515 
NH,OH 122°7 155 1285 158 111 526 489 
NaOH 1961 1892 1865 «1850 1901 


How far are these numbers normal? Taking the globulin ion as 
having a velocity of 15, then we have: 


NHOH globulin v + v= 15 + 67 = 82, 
NaOH » @15+45=60, 


$$= 0:73 and 489 x 0°73 =357, which is in close agreement with 352, 
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the value actually found. Similarly the ratio for ar; glo ee should 

globulin 
be 0°7 and 515 x ‘7 = 360, which again does not depart widely from the 
number found. The HCl value is too high and that would be accounted 
for by the greater degree of hydrolysis, but the degree of hydrolysis is 
depressed here by the excess globulin present, beyond the amount 
dissolved by the acid. Calculated in the same way ya giobulin Should be 
+300. The actual value is therefore low, and this is accounted for by 
the greater degree of hydrolysis replacing the globulin HA compound 
by badly conducting acetic acid. 

The effect of the “ash” on conductivity is remarkably small, and 
practically nil in the case of NH,OH. The effect of the starch solution — 
also is surprisingly small. When the conductivity of the starch solution 
itself is allowed for the effect always is to depress conductivity. But 
the depression is small compared with the high viscosity and it varies 
in the different cases, which proves that it cannot be any simple function 
of the viscosity of the liquid. 
| Conductivity is depressed in the various cases as follows : 


bewater 1004 
HA “758 
926 43 
NH,OH 904 
NaOH "678 19°83 


I have calculated Arrhenius’ a-function' for the extreme cases 
and the result appears in the last column. The values found by. 
Arrhenius for non-colloid non-electrolytes, and various electrolytes 
range between 14 and 2°95. It is clear therefore that the high 
viscosity does’ diminish conductivity but its effect is surprisingly small 
seeing that the starch solution had a viscidity too high to be measured 


by any ordinary viscometer. 


THE VISCOSITY OF SOLUTIONS OF ACID AND ALKALI GLOBULINS. 


Sackiir* refers the low conductivity of solutions of caseinogen 
compounds to their high viscosity. This explanation cannot be accepted 
without qualification for reasons already given and chiefly because the 
drift of the ionic proteid when directly observed is found to be remark- 


Ibid. xu1, p. 672. 19038. 
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The observations already recorded on the effect of starch upon 
conductivity show that what is usually measured as the viscosity of 
a colloidal solution is not identical with or perhaps closely related to 


the internal molecular friction to which theions are subject. I ventured 


to point out in 1899? that the high viscosity of colloidal solution is 
probably of complex origin and that its magnitude is very imperfectly 
analysed by ordinary methods of measurement. If colloidal solutions 
are heterogeneous states of matter the viscosity as measured by the 
flow in capillary tubes will be in part due to the influence of the 
friction of internal surfaces on the fluidity—a point which as I then 


drew attention to, was discussed as early as 1851 by Frankenheim’. 


Transpiration methods measure fluidity and this will only be simply 
related to the true molecular internal friction in homogeneous fluids. 


Recently the point has been investigated by Garrett working under 


Prof. Quincke*, by the two classical experimental methods in which the 
time of transpiration through a capillary tube, and the decrement in the 
period of oscillation of a disc immersed in the fluid are taken as measures 
of viscosity. In the case of colloidal solutions the two methods gave 
different values for the viscosity owing as Garrett points out to the 
different incidence in the two cases of the various factors which ent 
the fluidity. 

The fluidity of a non-homogeneous liquid will depend upon (1) the 
internal friction of each of the several states, (2) the surface friction 
of the internal surfaces, and (3) the surface tension of the internal 
surfaces. To these I would add a fourth factor, the density of the 
electric charge if the internal surfaces be electrified. This will modify 
the surface tension and it will decrease the fluidity owing to the fact 
that electric work must be done in deforming the solution. 

Electric conductivity will depend upon the internal friction of each 
of the several states, upon the distribution of the electrolytes between 
the different states, and upon the coefficient of ionisation in each of the 
states and in the surface film bounding the states‘. Therefore change 
in gross fluidity, and that is what is measured, need not agree with 
changes in electric conductivity in magnitude though they — will 

? This Journal, xxiv. p. 180. 1899. 

* Journ. f. prak. Chem. tv. p. 438. 1851. 


% Ueber den Viskositit u. d. Zusammenhang einigen colloid, Lisungen. Inaug. Dissert.. 


Heidelburg. 1903. 
‘ Molecular conductivity and chemical potential are greater in the surfade layer of a 


solution. Reinold and Riicker, Phil. Trans. A, ouxxxrv. p. 505. 1898. Ww. Spring, 
Betts. f. physik. Chem. rv. p. 658. 1889. 
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in direction. For instance the fluidity of gels is infinitely small, but 
Graham‘ and Voightlander* have shown that the velocity of diffusion 
of electrolytes in them is approximately the same as in water, and 
Whetham® has shown by direct measurement that the mobility of 
ions in agar agar jelly is very little less than in ordinary solutions. 

The fluidity of a solution of gelatine decreases with lapse of time. 
But Garrett found that while the logarithmic decrement of a disc 
oscillating in the solution increased from 0°2502 to 0°4049 the electric 
conductivity remained constant. 

For globulins I have found the following relations when the fluidity 
is measured by the transpiration method. 


Fluidity _ Conductivity 


HCI globulin rises with time remains constant 
NaOH ,, falls with time 


Time here means intervals up to 24 hours. 


Bayliss‘ finds that in tryptic digestion electric conductivity does 
not change concurrently with change in fluidity, and instances might be 
multiplied further. 

The absence of any simple relation between viscosity and electric 
conductivity was noticed by Reyher in the case of solutions of non- 
colloidal organic bodies, but there is a fair general agreement in the 
values®. 

Measurements of anil yield some unexpected evidence as to the 
relative acid and basic functions of globulin. ) 
On the view that acid or alkali casein solutions are solutions of 
proteid salts there would be present if hydrolysis took place the fol eines 
molecular species, expressed in ordinary notation : 

BS, B:+S’, BOH, HS, 
and Sacktir® asks to which of these can the high viscosity of solutions of 
casein salts be attributed. 

By a train of ingenious argument he fixes upon the proteid ion as 
the chief factor. As the casein acted always as acid in the. cases 
considered by him, the high viscosity is due chiefly to 8’. 

This conclusion can be tested with extraordinary ease and certainty 

1 Phil. Trans: p. 183. 1861. 
2 Zeits. f. physik. Chem. ut. p. 36. 1889. 
8 Phil. Trans. A, cuxxxvi. p. 507. 1895. 
4 Kinetics of Tryptic Action. Arch. d. Sci. Biol. x1. p. 261. 


5 Zeits. f. physik. Chem. u. B 743, 1888. 
6 Loc. cit, 
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in the case of globulins since their solution in neutral salts. contains no 
ionic, no electrically charged globulin, as is shown by the absence of all — 
movement in an electric field, while solutions in dilute acids and alkalies 
always are “ionic.” Therefore, if Sacktir’s view be correct, the former — 
solutions should have relatively a quite low viscosity. pe 

Some measurements of viscosity made to test this point gave striking 
results. The specific gravity of each solution was determined for Series 
III., and the values found to differ only slightly, therefore, as the formula 
is a linear one, viscosity may be taken to vary directly as the transpira- 


Pressure 29 mm. mercury. Temp. 19. 


globulin volume State of 
or salt «1085 "in seconds ‘the solution 
Series I. 0°62 grs. of globulin in 100 o,c. 
NH,  0-0005 normal 8 671 Transparent whitey blue. 
00008 18 58°1 brilliant blue. 
0-002 32 58°7 ” 
NaOH 0°002 82 58°7 ” 
HA 0-002 82 63°3 White opalescent. 
0005 81 56°6 Transparent. 
NaCl 0°15 2419 58 
Series II. 218 gra. of globulin in 100c.c. 
NH, 28 234 Transparent. 
0-08 141 148°7 
HA = 0-012 56 180°5 
0-03 141 134°3, Whitish transparent. 
NaCl 0:28 1815 1072 Transparent. 
Series III. 7:59 grs. of globulin in 100 o.c. 
NaOH 0-0084 (a) Transparent slight opal- 
escence. 
HCl 00-0084 11 7188 White but non-settling. 
4MgSO, 0°32 428 226 Matches (a). 
4MgSO, 0-32 no globulin 60 
Water 


These figures show that the viscosity of solutions of alkali globulin 
and of acid globulin is much higher than that. of solutions of salt 
globulin of the same strength and of the same grade. Therefore the 
presence of ionic globulin in solution raises the viscosity very much. In 
Series III. in which the proteid content is of the same order as the 
proteid content of blood plasma the difference is surprising. - 


Pal 
ag 
ti ti 
10n times, . 
‘a 
x 
w 3 
x 


COLLOIDAL SOLUTION.. THE GLOBULINS. 285 


. Dilution diminishes the difference between the various solutions, # as 
is seen on comparing Series I., IT., and III. 

When the opalesence of a solution is diminished by i increasing the 
concentration of the solvent the viscosity is increased to a maximum ; 
beyond this further addition of the solvent diminished the vances 
(Series I. and IT. NH,). 

The viscosity of acid globulin is less than that of alkali globulin 
even when the grade of solution is approximately the same. 

_ The relation to opalescence shows that viscosity is diminished as 
hydrolytic dissociation increases. Reyher' found a similar relation 
between hydrolysis and viscosity in the case of soaps, and Sacktir in 
the case of caseinogen salts. Therefore one finds an interesting and 
somewhat unexpected confirmation of the conclusion already arrived at — 
that the acid function of globulin is much stronger than its basic 
function in the fact that an equivalent quantity of alkali will produce 
a more viscid solution of globulin than an equivalent quantity of acid. 

Excess of alkali diminishes the viscosity at both high and low 
concentrations, though the effect is decisive only for the latter, This 
is no doubt partly due to the free alkali or acid depressing the degree of 
- jonisation of the globulin salt and so far it confirms Sackiir’s view that 
the high viscosity is due to the proteid ions, but, in view of the fact that 
ammonia globulin conducts better than ammonia itself, and that ammonia 
is a feeble base, the action is too marked to admit of this simple expla- 
nation, Taken in conjunction with the extraordinary rise in viscosity 
produced by increasing concentration it points to the presence in the 
solutions of complex ions which attain great size at high concentration 
and have then the properties of matter in mass, With their appearance 
the fluid ceases to be truly homogeneous and has the characteristic low 
fluidity of the heterogeneous state. Excess of alkali diminishes the size 
of these complex i ionic states, and owing to their absence in dilute solution 
the proteid ion though present has no special influence on the spied 
(cf. Series I.). 


GLOBULINS AS PsEUDO-ACIDS OR PSEUDO-BASES. 


Hantzsch? has drawn a distinction between true acids and true 
bases and pseudo-acids and pseudo-bases. Peeudo-acids do not contain 


1 Zeits. f. physik. Chem. 1. p. 748. 1888. 

* Hantzsch. Bericht. d. deut. ch. Gesell. xxu. pp. 806 and 575, 1899; xxx 
pp. 607, 8109 and 9066, 1899; xxxv. p. 210, 1902, Kauffmann. Zeits, f. physik. — 
Chem, xuvit, p. 618, 1904. 
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a replaceable hydrogen but they can change to an isomeride of a salt- 
forming type, and pseudo-bases are substances which by an isomeric 
change can act as bases of the ammonium hydroxide type. In each 

case the substance itself: is neutral in solution, but by a change in the 
salieaides structure it may act as an acid or alkali as the case may be 
and form salts. The chief characteristic of these substances is that, owing 
to the change of molecular state, the process of salt formation is gradual, 
there is a measurable latent period. Cohnheim and Krieger’ suggest 


- that proteids may be pseudo-acids and pseudo-bases in virtue of a labile © 


atomic grouping. The suggestion is tempting, but I can find no 
justification for it in the case of globulins. I failed completely to 
detect any latency of the kind described by Hantzsch in the reactions 
with acids or alkalies either with indicators, or by measurements of 
electrical conductivity. Amongst other indications of reactions with 
_ pseudo-acids or pseudo-bases is the existence of an abnormally large 
positive temperature coefficient of molecular conductivity. I measured 
the temperature coefficients for acetic acid globulin, and for — 
— and found them to be of normal magnitude 


NaOH globulin 0-5° to 20° 


and neither system showed any appreciable lag. 

One property which Hantzsch claims for pseudo-acids is manifested 
by globulins, namely in their inability to react with a dry base. Dry 
globulin is quite insoluble and unchanged by dry aniline. : 


DIRECT MEASUREMENT OF THE SPECIFIC VELOCITY OF IONIC GLOBULIN. 


In order to measure the movement of the globulin in an electric 
field I tried first the method already used by me? of analysing the 
contents of each limb of a U-tube through which a current had passed, 
but it was soon discarded in favour of the “boundary” method 
which was used by Whetham to measure the rate of movement of 
coloured ions’. 

Essentially the method consists in using two solutions, one of slightly 
greater specific gravity than the other, so that when carefully poured the 
1 Zeits. f. Biol. xu. p. 95. 1900. 


This Journal, p. 288. 1899. 
Phil. Trans. ouxxx1v. A, p. 337. 1893. 
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one over the other a definite surface of separation is formed. One of the 
two solutions contains a salt with a coloured ion. By passing a current 
this ion can be made to move and its velocity and direction determined 
by the movement of the boundary of the coloured zone. 

In observations on globulins the lower layer was the opalescent 
solution of the globulin in acid or alkali as the case might be, and the 
upper layer a clear solution of the same electrolyte, and the movement 
of the boundary between opalescent and clear regions is the measure of 
the movement of the globulin. _ 

The theory of the boundary has been dealt with 7? Whetham © 
(loc. cit) and by Orme Masson’. 

bi briefly stated it is as follows: 


Oude V), 


where C is the current, A the transverse sectional area of the tube, 
n the number of gramme equivalents of the electrolyte per litre, 


- the charge carried by each monad ion, and U and V the setts 


velocity of the cation and anion respectively. | 

Now the velocity of any ion varies directly with the fall of potential 
per unit of length (a), and the average velocity of the ions for a given 
value of a decreases as the concentration of the electrolyte expressed — 
in gramme equivalents per litre increases. The factor which expresses 
this last relation has the same value as that which expresses the 
relation of specific molecular conductivity to concentration, and it is 
called the coefficient of ionisation (e). 


_ Therefore 


where u+v are the actual velocities of the ions when free, and not the 
average velocities. 

The principle of the method is due i in the first instance to Lodge’, 
who measured the rate of the hydrogen ion by means of a jelly 
containing phenolphthalein with enough alkali to give a colour. The 
tube connected two vessels containing sulphuric acid, so that when a 
current was passed the hydrogen ions entered the tube, and as they moved 
decolorised the phenolphthalein. Whetham* modified the method by 


1 Phil. Trans. cxou. A, p. 381. 1899. 


2 B. A. Report, 1886. 
3 Phil. Trans. ouxxxiv. A, p. 343. 1893. 
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using a vertical tube containing two salt solutions of slightly different 
density, the lighter one floating on the heavier one. The heavier and 
lower solution contained a coloured ion and the rate of this ion was 
determined by measuring the rate of movement of the surface separating 
the coloured from the uncoloured solutions. 

Picton and Linder’ observed the movement of colloids in an electric 
field in a tube near the ends of which were two platinum electrodes. 
Whitney and Blake* have followed this method in their measurements 
of the velocity of colloids. The method is open to the objection that 
the colloid is concentrated by the field, it is driven into a smaller 
volume. This and secondary electrolytic decomposition I take it account 
for the complicated movements which these observers describe. 

If the solution under observation is bounded by two fluid surfaces 
there is no compression of the colloid, and one reaps the further advan- 
tage of getting readings in pairs in which the most common source of 
error—namely electrification of the boundary surface—appears of opposite 
_ sign in the members of each pair. The chief advantage however lies in 
the fact that the sensitive colloid is removed from the electrodes by a 
column of fluid about 5 cm. long so that, provided each experiment 


be not too prolonged, the risk of secondary electrolytic decomposition is 
obviated. 


The only method by which one can secure two fluid surfaces is by using a U-tube 
(Fig. 2), and having the liquid which contains the ion to be measured as the lower liquid. 
In order to avoid mixing, this liquid must be introduced from below and allowed to flow 
under the liquid which is to form the upper layers into which the electrodes will dip. 
The tube I had made is shown in the accompanying figure and I find that a similar form 
for use in the direct measurement of ionic velocities has been suggested by Nernst. On 
each limb of the U-tube a millimetre scale is etched. 

The apparatus is used as folloWs+ It is first washed out with the fluid which is to fo.m 
the upper layers, drained, the tap turned and the U-tube filled with the fluid to a standard 
level. The second fluid—the solution of globulin—is then allowed to run slowly under 
the first fluid until the level in each tube stands at a standard mark—the 2 cm. mark in 
my experiments. The tube is then placed in an upright position in a bath at constant 
cay the electrodes lowered to a certain point in each limb and the apparatus is 


_ In order to avoid convection currents which would destroy the boundaries it is 
first necessary to bring the fluids, the tube and the bath to the same temperature. 
Electrodes of very large surface were used, atch sousioting of 8 strip of platinum foil 
coated with grey platinum deposit 1 cm. broad and 4 em. long rolled on itself. 


2 Joc, cit. 
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In order that a boundary shall remain sharp during the passage of 
a current it is necessary (1) that a specifically slower ion should follow 
| . one specifically faster, and (2) that the specific resistance of the fluid 
Se on each side the boundary should be the same. 
If these conditions are not fulfilled the boundary 
becomes indeterminate. The explanation was 
furnished by Whetham', and it may be illus- 
| trated by this simple example. Take the case 
= of a difference in specific resistance, and let the 

current pass across the boundary from the liquid 

of lower to the liquid of higher resistance. By 
_ Ohm’s law the potential slope will be greater 

on the distal (as defined by the direction of . 
| _ the current) than on the proximal side of the 
boundary. Any straggling ion which falls 
: behind therefore will find itself in an area of 
lower potential gradient and it will be still 

further slowed ; any ion which gets in advance 
of the boundary will find itself in a region. of 
greater potential slope and it Salas be still more. 
hurried forwards. 


Of the observed in 10 minutes is given in millimetres. 


7 + Mean 

0476 N, MgSO, in both layers 44 44 4 

” ” 4 4 4 
0012 N, 6 2 4 
"000 N, ; ” ” ” 22 1 11°5 
0476 N, K,SO, ,, 4 4 4 
,, upperlayeronly 20 8 115 
009 N, ” ” ” ” 2 8 


The figures show the effect on the movement of the boundaries of diminishing the 
difference between the resistance of the layers by adding salt to the upper layer or to both — 
layers, Mean values obviously are of use as giving an approximation only when the 
difference is small. 


When there are two ‘ae layers, one preceding, one following 


1 Whetham, loc. cit. 
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the theoretical conditions obviously are fulfilled when both boundaries 
remain sharp and move at the same rate. This is a very precise and 
accurate test and when it is satisfied also on reversal of the current the 
readings may be taken as thoroughly trustworthy. 

The choice of an upper layer for globulins is very limited seeing that 
all electrolytes act energetically. It must always be an aqueous solution 

of the electrolyte used to dissolve the globulin. A second difficulty 
arises in the adjustment of the resistances. A solution of acetic acid 
has its conductivity altered only slightly by the presence in it of globulin, 
and an upper layer of the same concentration of the acid in water was 
found to give values for the boundaries which agreed within the limits 
of error of the readings. But solutions of strong acids and alkalies 
have their conductivity very much lowered by the addition of globulin. 
Adjustment of the aqueous solution of acid or alkali to the same 
resistance by dilution did not seem to satisfy the conditions, but the 
most perfect adjustment was obtained by dialysis. 

For solutions in alkali toluol is the best disinfectant, for solutions in 
acid either toluol or camphor’. The dialysing membrane was ordinary 
parchment coated with formalised gelatine, and dialysis was carried out 
in glass vessels with the stoppers luted with soft paraffin. 

The final equilibrium is a remarkable one. Both dialysee and 
dialysate stand at the same level—that is to say there is no difference 
in the osmotic pressure. This agrees with Weymouth Reid’s ob- 
servation*®, but with’ such prolonged dialysis I always found that the 
dialysate though perfectly limpid and free from opalescence gave a 
just detectable xanthoproteic reaction. The electric conductivity is 
identical. Therefore the product of the ionic concentration (supposing 
the ions to have the same valency in both fluids) into the mean ionic 
velocity must be the same for both dialysee and dialysate. It seems as 
though the proteid were of no account in the equilibrium. The globulin 
remains globulin throughout. That is to say on precipitation it is 
resoluble in a neutral salt. It is not changed to derived albumen 
The theory of this equilibrium is considered later. 

The velocities are tabulated below: 


This Journal, xxx1. p. 438. 
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HA globulin 0°0004 N 18°2 19°98 
__ to 17 to 80 
00100 } 18 23 
HA olobulin (transparent 18 22°5 
cessive stages white opaque 18 ‘ 19°4 
HCl globulin transparent 18 11% 
ysed in suc- ” ” { ” highly 18 
cessive stages opalescent 
NaOH globulin {transparent 
dialysed ” 18 7°66 
: Not so good as the foregoing 
H,SO, globulin 000048 N 
to } 18 185 
0°0045 N 
globulin 00092 N 28 
For comparison with the above; measured in the same manner. 
(AgCl), Cl, 18 
ter water . velocity of the former 
Phase the emulsion of phase in 
phenol 
phase “water” near critical tem- 
Perature, 
18 58] 


The accuracy of these values may be tested by calculating from 
those for the HA globulin the temperature coefficient. Expressed as 
a percentage of the velocity at 18° it is 2‘6°/, per degree. The coefficient 
for electric conductivity of HA globulin I find to be 2°69 °/, of the con- 
ductivity at 18°. These values are fairly close to Thorpe and Rodgers’ 
determination of the change in the viscosity of water with temperature. 


Over the same range their figures give 2°58 °/, per degree of the 
value at 18°. 


Two points are noticeable : 


1. The specific velocity of the globulin in HA globulin is constant 
over a wide range of concentration both of the acid and the globulin. 


Over wide iaakte the ratio acid does not affect. it. As the ratio 
globulin 


rises the solution changes from milk-white or non-settling 


acid 
globulin 
suspension stage, to transparency. Over the greater part of this range 
the velocity is constant while from the appearance of the fluid the 
colloid particles are altering in size. Therefore over this range the 
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velocity of the globulin particles must be independent of their size and 
the quantity of electricity which each carries cannot be constant. The 
particles, since they refract light, must be of much more than molecular 
dimensions. Each is bounded by a surface, and from Helmholtz’ 
theory of electric endosmiose, since the velocity is constant, the density 
of the charge per unit of surface is also constant. The total quantity 
of electricity on each must therefore be directly in popes to the 
surface or 
Q=o4nr. 
The fact that all the colloid particles have the same specific 


— velocity is remarkable since Zsigmondy and others have shown that 


the particles in colloidal solutions are not all of ‘the same size. It 
agrees with Quincke’ s observation that the velocity of particles sus- 
pended in a fluid in a field is independent of their size, and it proves 
that the globulin particles cannot be simple ions, for the charge on an 
ion is a fixed quantity. Nor, as has been suggested, can the charge be 
due to a haphazard association of the colloid particles with: ions which 
may be present. Jt is due to a real electrolytic dissociation at the 
surface of the particles, the degree of dissociation depends upon the 
same factors which in the interaction between solvee and solvent determine — 
the degree of dissociation of different electrolytes, and it fixes the density 
of the charge, while the amount of electricity carried per unit of weight 
ts the product of the density and the area of the surface between the 
particles and the fluid in which they float. 7 

The stability of the system will vary with the density of the charge 
because amongst other things this measures the degree of interaction 
between solvent and solvee (the solvee here being taken to include the 
two other components, water and acid or alkali in the case of globulins), 


but it is not the only factor which operates since in solutions of salt 


globulins and salt alkali globulins the colloid is entirely uncharged. 

Electrolytic dissociation is not the only thing which defines the 
degree of miscibility in ordinary salt solutions. K,SO, and Na,SO, 
do not differ in this respect, but the upper limit of miscibility with 
water is very much higher for the latter, and the reason is that the 
latter can form molecular compounds with the solvee while the acaaeg 
for reasons which are entirely unknown, cannot. 


Similarly one has electrolytic dissociation as the factor which chiety . 
defines miscibility in solutions of acid and alkali globulins, and in 
metallic hydrosols ; while the capacity for forming molecular compounds 
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with the molecules of the solvee (salt and water) is the factor which 
determines migeibility in the case of the electrically inactive solutions 
of salt globulffis, while both factors operate probably almost equally in 
the case of feebly electrical colloidal solutions such as those of starch 
and glycogen. | 

It is interesting to consider for a moment the possible relation 
between the density of the charge on the surface which separates the 
internal phase (colloid particles) from the external phase, if, as is not 
unlikely, the density of the charge defines the shape of the surface and 
fixes the limits within which the degree of curvature can change without 
destroying the stability of the system. Below a certain grade of solution 
which lies well within the region of “white opaque” solution the specific 
velocity falls. Therefore when the colloid particles become very large, — 
that is when the curvature is diminished very much, the velocity and — 
therefore the density of the charge is decreased, the limiting state being 
that of a plane uncharged surface. If this argument be correct the 
potential difference between the phases phenol/water and water/phenol 
is zero and the charge which can readily be demonstrated (cf. the table, 
p. 291) when the two phases have been shaken together to form an 
emulsion is due to the deformation of this surface which disturbs the 
equilibrium by placing the two phases under unequal pressures due to 
surface tension. | 

The second remarkable feature is the abnormally high value of the 
specific velocity of the globulin when combined with acetic acid or 
phosphoric acid, both as compared with known ionic velocities, and as" 
compared with the falue when combined with strong acids and bases. 
According to the table the specific velocity is greater in acid globulin 
than in alkaline globulin, and rises the weaker the acid. Therefore, on 
the theory of hydrolytic splitting of the globulin, the greater the degree 
of hydrolysis the higher the specific velocity of the globulin. 

The other relation, namely that to known ionic velocities, must be 
considered with this. 

The velocity of the globulin ion can be Son eet calculated 
from the conductivity data by Ostwald’s method’. For Na globulin 
the result is in round numbers 10 at V =, 7°66 therefore is the order 
of magnitude one might expect with incomplete ionisation.. Reckoned 
by the number of atoms the specific velocity of a proteid ion cannot be 
10, and ‘be much less, and the values 


Chem, 840 1886. 
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observed: for HCl and NaOH globulin show that Ostwald’s law of 
the decrease in ionic velocity with increase in the size of the ion ceases 
to hold beyond a certain size of ion. The values for HCl proteid and 
NaOH proteid therefore agree very well with the view that the globulin 
is in the ionic state, and they are low as compared with the velocity 
of movement when conditioned by electric endosmose. 

The other values, however, are altogether outside the limits which 
could be reached by ions of such magnitude as proteid ions must be, 
and the theory of hydrolytic splitting furnishes an explanation. . 

According to it the globulin would be chiefly in the ionic state in 
NaOH globulin, chiefly in the state of anhydride or hydrate or of 
ionic complexes of compounds with lowered acid content (cf. p. 303) in 
HA globulin, while between these extremes would be the HC! globulin. 


Therefore the velocity observed in NaOH and HCl! globulin, which it | 


must be remembered is the mean velocity of all the globulin, no matter 
what its state may be, would be chiefly due to the globulin ion. It 
would be an ionic velocity and it actually is of the expected magnitude 
of an ionic velocity. 

The velocity of the globulin in HA globulin will be mainly that of 
the free or partly free globulin to which the opalescence is due and 
which therefore is not in a state of molecular subdivision. It is present 
in masses so large as to be defined by a surface. Such masses, according 
to the view with which we started, would have a surface charge owing 
to ionisation at their surface, they are pseudions of the form G,G,’ + Na. 
where n is large compared with a, and in their case the quantity of 
electricity would be a function of surface and not a fixed quantity. 

Now the order of magnitude of the velocity of pseudions can be 
arrived at by measurements from known cases. 


I, To 01 N NaCl I added a solution of silver nitrate until it became highly opalescent. 


This formed the lower layer in the cell, the upper layer being sodium chloride adjusted by 
trial end error to approximately the same conductivity. 


Both boundaries moved at the same rate, and the specific velocity at 18° was found to 
be 57 x 10-* em. per second. 


‘This value, by what is probably a coincidence, agrees almost exactly 
with the speed of Ag’ at infinite dilution; that is with the maximal 
_ Velocity of a rapid ion, Ag* having the value 58, 


_ Clearly therefore the large pseudions (AgCl), Cl,’ which are so large 
_ as to refract white light, do not conform to Ostwald’s law of the 
decrease in specific velocity, will increase in the number of atoms. 
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- IL. Asolation of pure sodium stearate from Kahlbaum was dialysed for 10 days against 
5 changes of water. It became highly opalescent owing to the formation of acid salts. 
The dialysate formed the upper layers and the specific velocity of the boundaries, i.e. of 
the opalescence, was 50 at 18°. ee ee 
Ostwald’s values. 


With these parallel cases as a “guide we may conelude that the 
globulin which is turned out of combination by hydrolysis will show a 
higher specific velocity than “ionic” globulin in spite of the fact that it 
is very slightly dissociated. In other words the specific velocity i is high, 
but the quantity of electricity carried per unit of mass is low, and this 
is the feature of a hydrosol. 

The entire proteid moves with the same average velocity, which is 
therefore neither that of the fastest nor that of the slowest ions or 
pseudions. In ordinary solutions if U be the absolute velocity of an 
ion when entirely free, and a the ratio of the period in which it is in 
conjunction with the related ion and therefore not moving to the 
period during which it is free, then the observed velocity will be a(U), 
which is a measure of the mean free path of the ion 

In a globulin solution the globulin according to the above theory 
exists as free ions, as globulin combined in the molecular state, or as 
pseudions. Let the absolute velocity of the free ion be U, of the 
pseudion U.n. If x be the fraction hydrolysed, then of the total mass 
a is the fraction in the state U,.y, therefore the observed velocity 


will be 
[a (1-2) U) 
The equilibrium between dialysee and dialysate for globulin compounds 
with monovalent acids and alkalies is very remarkable. There is agree-. 
ment within the limits of measurement in osmotic pressure’, and therefore 
in the composition of the gas phase, and in specific electric conductivity. 
Assuming that the molecules furnish the same number of ions, this 
means that in unit volume of dialysee and dialysate there are the same 
number of molecules which contribute to the osmotic pressure and the 
same number of molecules which are electrically active at any one moment. 
If one set of values cease to agree, so also do the other. Thus in some 
cases when owing to slight bacterial decomposition the osmotic pressure — 
of the dialysee remains above that of the dialysate, the electric con- 
ductivity also remains different, but below — “ the dialysate in the 
few cases which I cei examined. 


1 Waymouth Reid, Loe. cit. 
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hese relations are explicable only on the view that the globulin 
solution is biphasic, the one phase being present as a number of 
separate spheres, and continuously varying with variations in the 
- composition of the external phase. 

In the equilibrium of dialysis there are four phases, one gas phase, 
internal and external phase of the dialysee, and the dialysate. If there 
be any tension on the surface of the internal phase there are two 
pressures, the lower one of the gas phase with which both the dialysate 
and the external phase of the dialysee are in equilibrium, and the higher 
one of the internal phase. The osmotic equilibrium is between the 
dialysate and the external phase of the dialysee, the agreement in electric 
conductivity is an equilibrium between the dialysate and both phases of 
the dialysee, since the internal phase carries a charge on its surface and 
therefore contributes to the electric transport. Considered in this way 
it seems at first sight that there must be a difference of pressure between 
dialysate and the external phase of the dialysee due to the globulin in 
the latter, and this may well be the case, the value — altogether too 


low for detection by —— 


GENERAL THEORETICAL CONSIDERATION OF THE STATE OF ALKALI 
AND ACID GLOBULIN IN SOLUTION. 


Attention was drawn to the possibility of direct chemical combination 
between proteids and acids or alkalies by the study of the action of 
the digestive juices, 

Proteid was found to “mask” a portion of free acid or ska, A 
few attempts have been made in recent years to investigate the 
nature and extent of the masking action by the newer methods of 
physical chemistry. 

Sjéqvist’, working in close touch with Arrhenius, and later 
Sackiir’, applied the method of electric conductivity, and Bugarsky 
and Liebermann® measured the electromotive force of concentration 
cells containing acid or alkali in presence of proteid, and from the 

_ values so obtained they calculated the concentration of the OH or 
H ions: they measured also the change in the freezing point due to 

the addition of various amounts of proteid to 0°05 N acid and sacl 


1 Skan, Arch f. Physiol. v. p. 277. 1895. 
Zeits. f. physik. Chem. p. 672. 1908. 
Pfiiger’s Arch. uxxu, p. 61. 1898. 
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Cohnheim? measured the free acid by the velocity of the catalysis of 
cane sugar. Paal*, Spiro and Pemsel*, Cohnheim and Krieger‘, 
Erb‘, and Osborne* used a more ordinary chemical method, namely 
the precipitation of the proteid-acid, or proteid-alkali compound and — 
the determination of the quantity of acid held in the precipitate. a 

The methods used have been varied and all these workers, with the 
exception of Spiro and Pemsel, conclude that proteids combine to 
form salts with both acids and bases, they themselves being possessed 
of both basic and acid properties. Such bodies are known as amphoteric 
electrolytes, and from the nature of the case they must necessarily be 
weak acids and bases, since the presence in the same molecule of acid and 
basic groups diminishes the importance of both. Sjéqvist, who dealt 
with proteids as bases only, found them to be weak bases, and there- 
fore, like all weak bases, their salts in aqueous solution are much 
hydrolysed. Bugarsky and Liebermann showed that proteids also 
are weak acids, the compounds with alkalies hydrolysing freely. 

- From the measurements of these workers it is possible to estimate 
the acid and basic functions. In the only native proteid used by them, 
egg albumen, they appear to be almost exactly balanced. Sjéqvist 
calculated the basic dissociation constant for egg albumen and found it 
to lie between the values fur aspartic acid and urea. It is a base about 
11 times weaker than asparagin, 6 times weaker _ aspartic acid, 
but decidedly stronger than urea. 

Proteid salts in aqueous solution are fairly a conductors, that 
is to say, they ionise. Bugarsky and Liebermann conclude that the 
degree of ionisation is not large, but they speak of true proteid ions. 
When reacting with acid, for instance HCl, the resulting salt has the 
form and the ions are 

The proteid therefore combines like ammonia. 


NH,Cl NH,H- + Cl’ 
BHC! BH: + Cl’. 


_ All these workers are agreed that proteids form salts which bales 
quite normally. They ionise in aqueous solution, forming a true proteid 


1 Zeits. f. Biol. xxx. p. 489. 1896. 

* Ber. d. deut. chem. Gesell. xxv. p. 1202. 1892. 
% Arch. f. physiol. Chem. xxvi. p. 238. 1898-9. 
* Zeits, f. Biol. xu. p. 95. 1900. 

5 Ibid. p. 809. 1901. 

® This Journal, loc. cit. 
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ion. They react with water according to the ordinary equation of 
hydrolysis BS + HOH = BOH + HS. The only marked feature is the 
relatively low value for specific molecular conductivity, and this accord- 
ing: to Sacktir is due not to an abnormality in the salt itself but to the 
high viscosity of the solution. 

If the standpoint of these various satin is accepted we are bound 
to consider the question whether proteids in aqueous aon are 
colloids at all. 

Since Graham’s time true colloids as a class have been distinguished 
by the feebleness of their chemical reaction. But according to the authors 
quoted proteids react directly and fully, with acids and alkalies the 
reactions being sufficiently definite to admit the calculation of molecular 
and combining weights'. That there is however a theoretical difficulty 
“not to be passed over so lightly has been recognised in the analogous case 
of soaps. 

Krafft? urged the colloidal nature of these bodies on the ground 
that they gelatinise and do not lower the — pressure in 
concentrated solution. 

Kahlenberg and Schreiner’, however, using the method of electric 
conductivity, found soaps to be salts of ordinary type undergoing ionisa- 
tion and hydrolysis in the ordinary way. They therefore refuse to regard 
soaps as colloids, on the ground that matter in the colloidal state 
does not react in*this simple chemical way. © 

Smits‘, from direct determinations of vapour tension, proves the 


accuracy of Krafft’s contention that the vapour pressure becomes that — 


of pure water when the concentration of soap is sufficiently high; soap 
therefore, at these concentrations cannot be in true solution, it must be 
in colloidal solution. Kahlenberg and Schreiner, however, found 
even at concentrations when by the vapour pressure method the colloidal 
state must be fully established, soaps still are good conductors and 
therefore must be ionised. Smits regards this result as due to 
absorbed electrolytic impurities which act as the conductors, but this 
view is hardly tenable, for the impurities if sufficient to give normal 
values of molecular conductivity for the soap would - affect the 
vapour pressure. 

Probably the controversy may be in part referred to our pomnes 


4 Bjaqvist, Sackir, loc, cit. 
* Ber. d. deut. chem. Gesell, xxix. pp. 2, 1834. 1896, and earlier papers. 
3 Zeits. f. physik. Chem. xxvu. p..552. 1898. 
4 Ibid. xiv. p. 608. .1908. 
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of the\true interpretation of conductivity data derived from concentrated 
solution, A similar discrepancy between vapour pressure measurements 
and conductivity measurements appears in the work of Jones and 


_ Getman' on concentrated solution of chlorides, sulphates, and nitrates 


of various metals, and the explanation which they offer probably has 
a direct bearing on our subject. 

The position with regard to the nature of soap solutions is exactly 
paralleled by the case of proteids. Reid? has shown that proteids in 
solution do not alter the vapour pressure, on the other hand in presence 
of acids or alkalies these solutions are good conductors, and as we have 
already seen the conduction cannot be referred either to the free acid or 
alkali, or to absorbed electrolytic impurities. 

Further the proteid in presence of acid or alkali is electrically 
charged, and therefore so far is “ionic,” and, as may be proved by 
indicators or by measurements of the rate of catalysis of methyl 
acetate or cane sugur, it neutralises the acid or alkali. These and other 
facts already discussed point to salt formation. 

Proteids therefore show relatively vigorous chemical action, and as 
a class they gelatinise with difficulty*. In what respect then are they 


colloids ? 


The colloidal nature of their solutions appears mainly in the 
presence of a marked time element in the reaction. Kohlrausch 
found on dilution of sodium silicate, or on adding caustic soda to an 
already diluted solution, that the electric conductivity reaches a constant 
value only after a long time. Similarly van Bemmelen found that 


when SnCl, is added to water zinc oxide is liberated owing to hydrolytic 


decomposition and is dissolved in the HCl, but the relation between acid 
and oxide is not one of chemical equivalence. The zinc oxide slowly 
changes its state to one of true colloidal solution,.the “colloid particles” 
retaining absorbed acid. Similarly with globulin solution I have found 
that viscosity, electrical conductivity, sometimes the one, sometimes the 
other, sometimes both continue to change for days. And the amount of 
globulin held in solution by a given quantity of salt is not constant for 


'& given temperature and concentration but varies according to the 


previous history of the system; e.g. according to whether the particular 

volume relations have been reached by dilution of a more concentrated : 

solution, or by direct solution of a suspension of globulin. 
1 American Chem. Journal, xxx1. p. 303. 1904. 


2 This Journal, loc. cit. 
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300 W. B. HARDY. 
Enough has been said to show the need for caution in regarding the 


reaction between proteids and acids or bases as one of simple salt 


formation. The possibility of the phenomena belonging to the intricate 
borderland of absorption combination must not be lost sight of. 

It must be borne in mind that the possibility and existence of 
definite chemical compounds between proteids and basic or acid 
radicles is not here called in question. The isolation of a score of such 
bodies would help little or nothing towards understanding the 
mechanism of solution of proteids. The existence of definite compounds 
of silica helps us not one whit to understand why silicic acid in aqueous 
solution has no definite heat of neutralisation, or why in presence of 
alkali it needs days to reach electrical equilibrium. And from the point 
of view of the dynamics of the body fluids what we need to know is 
the state of the proteid in aqueous solution. 


The possibility of the relation between proteids and electrolytes 4 


aqueous solution being that of “absorption” needs consideration, in 
view of the fact that the ratio of the reacting masses by weight is from 
300 to 1000 to 1; and van Bemmelen’ has shown that 1 molecule of 
colloidal Fe,O, can absorb 0°31 molecules of, for instance, Ba(OH),. 

Absorption compounds are marked by the indefiniteness of the 
reacting masses. The same indefiniteness is very clearly seen in 
certain relations of globulins. Dialysis of solutions of alkali, or acid 
globulin, proves that the quantity of acid or alkali necessary to dissolve 
unit weight of globulin is quite indeterminate, though the “grade” of 
solution, t.e. the degree of dispersion of the globulin does depend upon 

. acid or alkali 
the mass ratio : 
globulin 

more and more opalescent, but no precipitate settles out, and the entire 
mass of proteid retains its electric charge, the specific ionic velocity 
being almost unaltered. 

Conversely indefinitely minute concentrations of acids or alkali will 
convert a globulin precipitate into a solution of low grade just as a 


Dialysis causes the solution to become 


minute amount of alkali will dissolve (“ peptonise” as Graham called — 


it) an indefinitely large quantity of silica, the solution being of propor- 
tionately low grade. 

There is, therefore, no point in the solution of globulin by acids or 
alkalies at which it may be said to be complete. Continuous addition 
of reagents produces a continuous and parallel increase in the dispersion 
_ of the globulin, so that, starting from a solution which is opalescent and 


van Bemmelen. Zeits. f. anorg. Chem, xxxvi. p- 380. 1903, 
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opaque, that is to say which is optically heterogeneous, one ends with a 
solution which is transparent and is, relatively speaking, optically 
homogeneous. Similar variations in the grade of the solution were 
described by Picton and Linder’, who were the first to draw attention 
to this important point, in hydrosols of sulphides and of silica and 
Siedentopf and Zsigmondy* detected them by the method of ultra- 
microscopical vision in metallic hydrosols. 

If globulin is dissolved by acids and alkalies owing to chemical 
compounds of the nature of globulin salts, being formed it is clear from 
the facts of dialysis and of solution, and from measurements of the — 
specific ionic velocity of the globulin, that the mass of alkali or acid 
needed to bring about solution of one gram of globulin, and to confer 
on it its maximal specific ionic velocity, is quite indeterminate, but the 
_ mass required to produce a given grade of solution, that is to produce a | 
given degree of dispersion, is fixed and measurable. 

If the globulin salt be G,(HS),, and @G,(BOH), respectively, the 


ratio 7° the combining ratio that is, can vary continuously, and this I 


take it is the essential characteristic which van Bemmelen claims 
for absorption compounds. 

A theory based on simple salt formation, therefore, will not cover 
the facts, it fails to explain what I take to be the central fact, namely 
the indefinite nature of the alkali or acid globulin compounds. It 
breaks down. in another respect. 

The molecular conductivity » of a salt which behaves a in 
solution is the sum of the mean velocity of the two ions, — ; 


p= V, 


and the mean velocity is a value which can be directly measured by 
Lodge’ s* boundary method. It is low sin the degree of ionisation 
is low. 

Acetic acid ionises only slightly, its ig as a rule ionise well. 
Therefore the molecular conductivity of the salts stand as a rule much 
_ higher than that of the acid. But the molecular conductivity of acetic 
acid globulin is lower than that of the acid. Sackiir and others 

explain these low values for the molecular conductivity of proteid 
compounds by supposing that the high viscosity of the solutions lowers _ 

1 Journ. of Chem. Soc, uxvi, p, 63, 1895, 

2 Ann. d. Physik. (4) x. p. 1. 1908. 

3 Brit. Assoc. Report, p. 889. 1886. ‘Mean velocity” is not the velocity of the free 
ion, but the average speed including periods of freedom and of conjunction. 
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the ionic velocity, and that the salts ionise freely. The explanation is 
contradicted by fact. Direct observation shows that the specific velocity 

of the proteid, the mean ratio of drift of the proteid in the electric 
convection, is not low but abnormally high. The low electrical capacity 
of acetic acid globulin in solution therefore cannot be explained by 
hydrolytic dissociation, low degree of ionisation, or high internal friction. 
The only other way which suggests itself is by the formation in solution 
of ionic complexes of large size and low electrical capacity per unit of 
weight. 

The relation observed between concentration and viscosity, and the 
effect of excess alkali upon viscosity, also points to the existence of ionic 
complexes of a size so large as to form masses of matter — from 
the general mass of the fluid. 

Walker’ found the molecular conductivity of solution of the acetates 
of asparagin, asparaginie acid and glycocol, to be lower at .certain 
dilutions than that of acetic acid itself, and he suggested as the only 
explanation that molecular complexes are formed. Arrhenius? pro- 
posed another explanation based upon changes in the degree of ionisation, 
which would however directly conflict in the case of acetic globulin with 
the observed rate of drift of the proteid. Since these papers the forma- 
tion of ionic complexes as a factor in reducing molecular conductivity 
has been freely recognised. Acid and alkali globulin in solution form 
such complexes, some of which are so large as to cease to have the 

properties of molecules. They form internal systems each separated 
from the general mass of fluid by a surface. 

The acid or alkali must, I think, be held to be truly combined with 
- the globulin, because it is wholly or partly neutralised, the proteid 
assumes an anionic, or cationic character as the case may be, and there 
are evidences of normal hydrolytic phenomena, The compounds may be 
called absorption compounds, but.the further development of the theory 
shows that the distinction is one of name only. 

Recent work on complex ions, chiefly by the method of concentration 
cells, has extended the possibility of reaction by chemical equivalents to 
a point where it seems to be undistinguishable from absorption com- 
bination. I propose to consider the nature of globulin compounds in 
the light of these recent investigations. 

At the present moment the conception of the colloidal solution, 
which finds greatest favour, is that it differs from —_ solution, 


1 Zeits. f. physik. Chem. rv. p. 319. — 
Ibid. v. p. 16. 1890. 
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because the solution is not uniformly distributed throughout the solvent 
in a state of molecular dispersion, but is for the most part gathered into 
masses which may be either solid particles, as in metallic hydrosols, or 
fluid spheres, in which case the “colloid particles” are themselves a 
solution within a solution. : 
In an earlier paper’ I ventured to describe culloid solution as being. 
essentially biphasic, and to apply the terms internal phase and external 
phase to the general mass of the fluid and to the colloid particles 
_ respectively. In certain cases, as may easily be seen under the micro- 
scope, three phases may be present—external, internal, and internal,, 
as when gelatine alcohol-water is over-cooled. Now the conception 
which I wish to introduce here is that the internal phase may form 
not necessarily because the solvent is supersaturated with respect to 
the solvee as a whole, but because it is supersaturated with respect 
only to one of the ions of the latter. 

_ Consider the case of the double salts of silver or mercury and the 
halogens, The work of Bédlander and Fittig’, of Sherrill’, and of 
Bédlander and Eberlein‘ with others shows that when for instance 
Agl is dissolved by KI a double salt is formed, which ionises forming 
all these species being in equilibrium. An increase in the ratio 7° in 
the solution causes the value of n to rise and the complex ion to 
increase in size. 

I have examined the system (AgCl),(NaCl), which represents the © 
class, and one cannot fail to be struck with the many analogies it offers 
to solutions of globulins. As the relative concentration of AgCl is 
increased the solution becomes gradually more opalescent, rising to 
complete opacity. Up to this point the solution is stable in clean 
vessels, The material which causes the opacity is ionic in character, that 
is to say it moves in a field with a normal ionic velocity, the value I 
found by actual measurement at 18° being 57 x 10-* cm. per second. 
The constituent which causes the opalescence further is always positive 
in sign, clearly therefore it represents an overgrowth of the cumplex 
ion (AgCl),Na* to dimensions so huge as to refract white light. | 

Now an ion of this size will very largely cease to have the property 
of matter in a molecular state, it is matter in mass defined by a surface, . 

1 Proc. Roy. Soc. v. 66, p. 95. 1900. 2 loc. cit. 


Zeits. physik. Chem. p. 707. 1903; xuvu. p. 103. 1904. 
4 Zeits. f. anorg. Chem. xxxrx. 2, p. 197. 1904. 


« 
¥ 
igi, | 
- 
i” 
a 
¥ 
>> 
4 
ia 
t 
4 
a4 
. 
‘4 
a 
‘ ; 
» 
x 


304 


It moves in a field according to the laws of electrical endosmose—that 
is to say the total charge it carries is not fixed as it is for all true ions 
but the density of the charge is constant. This would account for the 
high specific velocity observed by me which is almost exactly that of 


Ag’ at infinite dilution, whereas, as Ostwald showed, ionic velocity — 


should decrease with increase in the size of the ion. A case such as this 
is, I think, best described by speaking of the fluid as being supersaturated 
with a complex ion, the instability of which decreases with increase in 
the ratio —. | 

Colloidal solutions, as we have seen, do not always contain colloid 
particles carrying a charge. There are, therefore, two types of hydrosol, 


electrically active and electrically inactive. On the view enunciated 
above in electrically active sols the colloid particles, the internal 


- phase, is formed owing to supersaturation by an ionic species; in the 


latter it is due to supersaturation by an unionised species, that is by the 
molecule in the chemical sense. Therefore in those colloid solutions 
which are electrolytic the electric transport is due in part to the drift of 
charged particles so large as to be defined by a surface and to have the 
properties of matter in mass. These are the “pseudions” or “colloid 
ions.” Each differs from a true ion in the fact that owing to its large 
size as compared with the molecules of the solvent it cannot partake 
of the molecular movement of the latter. It has to a greater or less 
extent the properties of matter in mass. It will contribute little or 
nothing to the osmotic pressure—nothing if it be so large as to cease 
completely to act as a “molecule” of the general fluid system. It 
will then have as little effect as have the particles of an emulsion. 

Its relation to the true molecular species of the solvent will be 
peculiar in that, though the relation will be that of an average state, of 
@ continuous interchange, it might. be expressed statically by regarding 
the molecules of the surface layer of the pseudion as being in a state of 
incomplete ionisation, or orientation, so that’ the double electrical layer 
is formed which is postulated in the theory of electrical endosmose. 

If a colloidal solution consists of two phases and comprises two 
components then for a given temperature the vapour pressure must be 
independent of the concentration. In the case of soaps this point is 
reached, according to Krafft and Smits, only when the concentration 
is above a certain minimum [at 0°18 mol. per litre], when it is constant 
and equal to that of pure water within the limits of accuracy of 
measurement. Below this concentration the vapour pressure rises with 
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increasing dilution (Smits). In this region of varying vapour pressure 


the solution cannot be biphasic since it is bivariant, and the components 
are two in number, water and soap. Are these dilute solutions not 
colloidal at all, and is the change to the colloidal state an abrupt one (as 
Krafft holds) due to the separation of a second fluid phase ? 

From the analogy of other cases an abrupt change to the colloidal 
state is not probable. In the many instances investigated by van 


-Bemmelen changes of state are always gradual. On the other hand 


Smits, observations show that the pressure-concentration curve for soap 
must have the general form shown in AB (Fig. 3), and this is 


o7- 


Vapouw ressuve 


a Second Phase Sepapales 


Fig. 3. 


: remarkably similar to the curve for hydrobromic acid and water’. 


LMO is the: curve for the solution hydrobromic acid/water, at O 
a second fluid phase appears, and the system’ becomes monovariant, OR 


being the characteristic curve of constant pressure. 


The difficulty may be avoided by the hypothesis that over the 


_ region of changing vapour pressure the internal phase is not fully 


separated. It is as it were growing by increase in the size of the 
particles, which, however, are still so small as to have to only a limited 
extent the properties of matter in mass. In other words, with increasing 
concentration the colloidal particles are completely separated only 


1 Bancroft, “The Phase Rule,” p. 96. 1897. 
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gradually, just as van Bemmelen found them to appear gradually in — 


the case of SnO or SnO,' by mere lapse of time. 

The conception of an imperfectly separated phase is not altogether 
visionary. Mixtures of isobutyric acid and water form two fluid phases. 
Friedlander? has studied these mixtures and he describes an appear- 
ance ‘of opalescence which is not diminished by lapse of time over 
a range of 10° above the critical temperature for the complete separation 
of the phases. Konowalow® describes a similar stable opalescence in 
mixtures of pentane and dichloracetic acid. Over the range of tem- 


perature in which the opalescence is stable the vapour pressure does vary 


with the composition of the mixture, but the variation is much smaller 
than it would be if there were complete homogeneity. There is thus an 
incomplete separation of a second fluid phase, and the separation 
remains incomplete over a wide range of temperature (10°) and com- 
position. 


This conception of a heterogeneous fluid implies that in the external 


phase there will be some of the material in true molecular solution, 
which would pass through a porcelain filter while the internal phase 
would be arrested. A solution of pure sodium stearate strong enough 
to set to a jelly will yield a filtrate which contains a trace of soap, 
the filtrate from a clear filtered solution of NaOH globulin similarly 
contained 0024°/, of solids which gave the proteid and phosphorus 
reactions. 


SALT GLOBULINS. 


The special interest of these bodies lies in the fact that colloidal 
solutions as a class are precipitated, not preserved, by the addition of salts. 
Solutions of salt globulins, however, as their low viscosity and the 
decisive and clear way in which they can be precipitated shows, are 
much less colloidal than solutions of acid globulin or especially alkali 


endeavouring to measure electric conductivity at high concentration 
found the solution set to a firm jelly like a soap. 

The solution of an insoluble body by an added neutral salt is not an 
exceptional phenomenon. Silver chloride is dissolved by sodium chloride, 
silver cyanide by potassium iodide, and calcium carbonate is dissolved 


1 loc. cit. ® loc. cit. 
* Ann. d. Physik. (5) pp. 12, 1160. 1903. 
* Cameron and Seidell. Journ. of Physical Chem. v1. p. 50. 1902. 


globulin. Alkali globulins have a high viscosity and I have twice when 


by a wide range of salts‘, Where the relations have been investigated 3 
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solution is found to be due to the furmation of molecular compounds, and 
the quantitative and qualitative relations between globulin and neutral 
salts can be adequately and simply explained in the same way. Salt 
globulins therefore recall the double compounds which amido. acids 
make with salts, while alkali and acid globulins recall the simple salt 
compounds which these bodies make when they react with free acid or 
free alkali. 

The saturation of a salt solution with globulin alters the molecular — 
conductivity of the former only slightly. 


NaCl normal conductivity 2°4%, 
‘ll 3 23 
09 ” ” 21 
MgSO, 8 ” 


These values are very small, and they need to be diminished 
still more for the increase in. the internal friction produced by the 
globulin. Salt globulin however has a low viscosity, and in the light 
of the previous discussiun this correction is probably negligible. 

These low values show that the bulk of the salt is not attached to 
the globulin, 98 to 99°/, being free. 
Salt globulins in solution form no ionic globulin—or at any rate the 
concentration is such as to prevent its presence being recognised. 
Salt. globulins therefore may be taken to be unstable in presence of 
water, stable only when their dissociation is completely suppressed by 
excess of salt. As only 1 or 2°/, of the salt present is combined with 
the globulin, the solvent power of salts—the weight of globulin which 
one equivalent can keep in solution—will therefore be affected numeri- 
cally only to an insignificant extent by variations in the combining 
weight of the salt and the globulin. What one actually measures is 
the concentration of salt necessary to prevent dissociation of the salt 
globulin. Owing to the extreme instability of the salt globulin this 
value is dependent upon a number of values which are obscure by 
reason of their small magnitude. 

A comparison of the relative solvent powers of strong and medium 
alkalies, where by reason of the stability of the salt in aqueous solution 
we come nearest to the true combining ratios, and the solvent powers 
of salts, give us a measure of the depression of electric conductivity 
which would be produced by the presence of the globulin, if the 
combining ratios of salt and globulin, and alkali and globulin were the 
same. The salt globulin is neglected as it does not contribute to the 


electric transport. 
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To dissolve 1 gram of dry globulin it needs 10 x 10-* equivalent of 
alkali, and from 1000 to 2000 of salt. The calculated lowering of 
conductivity in the ‘latter case therefore would be between 0°5 and 1 °/,. 
The higher values observed are this theoretical value plus an increment 
due to increased viscosity. 

The compound of silver chloride and ammonia which has been © 
studied by Bédlander and Fittig’ is analogous. The compound — 
ionises in solution according to 


AgCl2NH, Ag(NH,), + Cr, 


and also a minute fraction according to 


AgCl2NH, Ag’ + Cl’ + 2NH,. 


The ions of the first equation are stable, of those in the second equation 
the ions Ag’ and Cl’ can coexist only at very low concentration. There- 
fore the system as a whole is stable only when NH, is present in excess 
sufficient to depress ionisation according to the second equation to the 
critical saturation point of Ag’ + Cl’. 

The stability of ionic globulin in presence of salt seems to be nil, 
and this is the critical value which defines the system salt +salt- 


globulin. 


When a salt solution is saturated with globulin, there being no 
excess, the system therefore being monophasic, the solvent power is 
found to vary for different classes of salts but, on the whole, to rise with 


a rise in valency. This means that as a class the salt globulins are less 
easily decomposed by water the higher the valency of the salt. 


The method adopted was either just to saturate a given volume of salt solution by 
running in a measured amount of a suspension of globulin in water, or the reverse. 
What one measures is the relative mass of salt and globulin at the concentration when 
the salt globulin compound just ceases to be stable. 


KCl 
NaCl 
KBr 
NaBr 
KNO, 
NaNO, 
AmNO, 
Ca(NO,), 


0°426 0-426 0°55 0°95 0°95 
1 1 1 1 1 
1 1 1 1 1 
1°37 — 1°2 
1°37 — 13 
15 1% 15 1% 
1% 15 15 
15 1% 15 1°5 
— 16 15 


1 Zeits. f. physik. Chem. xxxtx. p. 597. 1902. 


Globulin in 100¢c.c. 
suspensioningrs. . 
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186 

1:86 1-89 

156 «16 


0°426 
16 
16 
199 
199 
1°83 
1-79 


bi 


Am oxalate — 1°96 


equilibriam with the CO, of the air, the values for KCl and NaCl being taken as unity. 


The increase in solvent power with a rise in the valency is not 
peculiar to salt globulin solutions. It is seen in the solution of slightly 
soluble salts by other salts. 

The following relative values were obtained from the series of papers 
by Cameron, Seidell, Atherton and Breazale’. The numbers give 
equivalents of CaSO,, CaCO,, or MgCO, dissolved by 1 equivalent of 


salt: 
of solvent Solvent 
KNO 
15 n. Nano 0-7 CaSO, 
MgKO, 14 
and chlorides “ rather less than” KNO, or NaNO, : 7 
10° NaCl 0-006 MgCO, 
Na,SO 0011 ,, 
0-012 ,, 
1-0 NaCl, 00014 Caco, 
Na,SO, 00030, 


The i since rule is not absolute. It does not always hold for the 
fluid phase when a solid phase is present. | 

Normal salt was saturated with edestix crystals and filtered at 65°.. Cooled slowly 
(some hours) to 22° and filtered from the crop of crystals at 22°. The edestin had been 


with dilute alcohol. 
Composition of the fluid in equilibrium with the crystals at 22°. 


1 . of salt 
NaCl 1-08 {4-90 
0-69 
K,S0, 0-885 {068 17 


+ Journ. of Physic. Chem. vi. p. 50, 1902; vit. p. 578, 1903, and vimt. pp. 885 and 498, 
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The table shows that solvent power is determined also by the nature 
of the anion, the order being Cl< Br< NO, This is explained by the 
difference in the capacity of ions for forming complexes such as those 
under consideration (GBS). Bédlander and Eberlein’ find in respect 
to this property the order is:—Cl< Br< CNS <I< CN, 

The concentration of globulin is determined not only by the con- 
centration and nature of the salt but also by the initial concentration of 
globulin. The composition of the fluid phase is not defined by saying 
that the globulin is in excess since more than one solid phase may be 
present or separate out of the nature of various hydrates of globulin, or 
various molecular states of globulin, or of various compounds of globulin 
and salt. Asin other three component systems it is not sufficient to say 
that the fluid is in equilibrium with a solid phase, it is necessary to define 
the particular solid phase. For instance in the case of calcium sulphate, — 
which has been studied by van’t Hoff*, the solid phase in equilibrium 
with the fluid phase may be insoluble anhydrous calcium sulphate, 
_ soluble anhydrous calcium sulphate, or various hydrates such as 
CaSO,4H,0, and CaSO,.2H,0, and the composition of the fluid phase 
varies according to the particular solid phase with which it is in 
equilibrium,-therefore, as van’t Hoff points out, the system as a whole 
has the inertia of the solid state’. : 

The effect of the concentration of Ox globulin upon the solvent 
power of the salt is manifested very readily when salt solution is 
saturated by running into it suspensions of various strengths of 
globulin in water. | 

Initial concentration of salt, in each case normal. Saturated with globulin by running 
in suspensions of different concentrations. | 


I. Concentration of suspension in grs. dry Ox globulin in 100 c.c. 
II. Weight of proteid in grs, dissolved by 1 equiv. of salt. 


034 1 1°78 23 
145 31 55 79 
223 42 55 
1 loc. cit. 2 loc. cit. 


3 See also a series of papers by van’t Hoff on the formation of oceanic deposits. An 
interesting case also is the effect upon the curve of the solubility of calcium sulphate in 
solution of potassium sulphate of the nature of the solid phase when the latter is ordinary 
calcium sulphate or syngenite. Cameron and Breazale, Journ. of Physic. Chem, vu. 
p- 384, 1904. See also Ditte, Compt. Rend. xcrv. p. 1266. At certain concentrations of 
KCl and CaSO, the composition of the fluid phase is determined by the solid phase which 
is the double salt K,80,CaS0,4H,0. 
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The lower row of figures gives the ratio for each case. It shows 
a close parallelism between the initial concentration of the globulin in 
the suspension and the concentration of globulin in the fluid phase. — 
Over a certain range the numbers agree closely. 

When I first detected the effect of the mass of the globulin upon 
the composition of the fluid phase the possibility of the presence of an 
unsuspected component became obvious. In order to eliminate this 
factor as far as possible I satisfied myself that the same relation occurs 
when pure crystals of edestin washed with 20°/, alcohol are used, 

‘ An example from this globulin will illustrate the facts. 


Crystals of edestin were suspended in water freed from carbonic acid. Two suspensions 
were made containing respectively 13°16 and 4°39 grs. of crystals per 100 c.c. 
* 5 ¢.e. of each suspension was mixed with 10 ¢.c. of 4 normal NaCl, in test tubes tightly 
: closed with paraffined corks and set on a mechanical device which ran the fluid from one 
end of the tube to the other about 4 times a minute. This was done to secure complete 
equilibrium but later measurements of the rate of solution of edestin proved the precaution 
to be wholly unnecessary. After twenty hours the proteid in the upper layer of each tube 


N Proteid I. 4°39 grs. per 100 ¢.c. 
45 grs. per 100 c.c. 
Fluid phase proteid 16 . 
IL. 18 39 99 


The undissolved residue in each tube was edestin, being entirely soluble in 10 °/, NaCl. 


The composition of the fluid phase depends therefore upon each 
component, water, salt and globulin, and as the variation seems to be 
continuous the solid phase must be a continuously varying compound 
or solid solution containing all three. 

The influence of the concentration of globulin in the system is 
probably in part related to the fact that a suspension of globulin in 
water differs from a suspension of, for instance, sand in this respect— 
that it is partly in solution and undergees a true dissociation. The 
dissolved may be of the nature of an impurity attached to the 
ipitate, but no matter how carefully prepared, Ox globulin suspended 
in water raises the conductivity of the water and the electrolyte, which 
iated from the globulin, is so much a part of it as to be carried 
in when the latter is centrifuged off. The globulin therefore 


ia a solid solution or compound of low grade which dissociates 
in presence of water, the degree of dissociation increasing with dilution. 
Globulin reacts acid to litmus even when it has been dissolved and 
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precipitated ten times with volatile acid (HA or HCl) and alkali (NH,), 
washed on a filter paper at nearly zero, and dried in vacuo over H,SO, 
and KHO. The reaction of such a globulin in gas free water when 
tésted in vacuo with litmus is decidedly acid. 

- The following table shows that the degree of dissociation of the 
globulin precipitate increases with dilution. 


‘Specific Conductivity of a Suspension of Globulin. 
V=vol, in ¢.c. of 1 gr. globulin. ; 
C=grs. globulin per litre. 
K=specific conduct. in recip. Ohms at 18°. 
K 


| C Kxio* x10-° 
35°89 ‘27°86 22-9 824 
143°5 6°96 6°01 863 
287-12 3°48 4°64 1338 
57424 1-74 8-25 1867 


Salt globulins are so unstable ina their solution so sensitive as to 
render the carbonic acid of the air an important component. This can 
be shown in many ways, but most simply by measuring the degree of | 
dilution necessary to precipitate a solution of salt globulin with ordinary 
distilled water and with the same water freed from CO, by the passage 
of CO, free air, and from other gases by boiling. 


espn with Ox globulin and‘centrifuged. Divided into two lots and 
diluted to 554 with (1) ordinary distilled water, and (ii) gas-froe water respectively, and 
the precipitate centrifuged away as rapidly as possible. Proteid content of the upper 
layers :— 


(i) 093%, (ii) 0-76 °%,. 

_ A portion of distilled water was freed from CO, by long continued babbling through it 
of pure air, and from other gases by being boiled and rapidly cooled just before use. 

Two burettes were filled, the one with gas-free water, the other with ordinary water, 
and determinations were made of the degree of dilution with the two samples of water 
necessary to precipitate salt globulin from clear saturated solutions. oe 


cc. water c.c, gas-free water 
KNO, globulin 4 quite opaque 10 no change. 
MgNO, ,, 4 opaque 4 faint opalescence in 20’, 
ing to partial opacity. 

Na,8O, 2°4 faint opalescence, ra 2°4 no change; 10’ later faint 

pidly nge opal- 
NaCl 1°6 opaque at once 16 remains clear for 10’, then be- 

| comes cloudy. 


15’, not yet opaque. 
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The slow clouding of solutions diluted with gas-free water is due to absorbed gas, and 
with care it may be seen to start from the free surface. 

A thick suspension of Ox globulin precipitated from a solution in MgSO, by dialysis 
was diluted to thirteen volumes (1) with gas-free water, (2) with CO, water and run into 
1 c.c. of a molar salt solution until a faint cloud appeared. Globulin in each suspension 


0-426 gra. per 100 c.c. 
¢.c, suspension c.c, 
NaCl 65 45 
'K,80, 79 70 
KNO, 8-0 


The NaCl globulin is the more easily decomposed by acid (H,CO,). Even more 
striking is the action of CO, in precipitating saturated solutions of salt edestin in gas-free 
water, 


The solvent power of two salts acting simultaneously is the sum of 
- their solvent powers when acting separately. The point is interesting, 
since, as Picton and Linder showed, when two salts together act as 
precipitants of colloids the precipitating power is the sum of their 
actions when measured separately only when the valency of the active 
ion is the same. When ions of different valency act simultaneously 
they inhibit one another. The solvent power of pairs of salts was 
found to be exactly the sum of the solvent power of each for the 
following pairs:— 

KCl KCl KCI NaCl 

NaCl KSO, MgSO, KSO, NaSQ 


Inertia. Once a solid phase is formed it dominates the whole system 
by reason of the characteristic inertia of the solid state. I have often 
been struck with the fact that when silica is precipitated from solutions 
by salt the precipitate is at first resoluble and the change of state readily 
reversed. The precipitate, however, rapidly assumes its characteristic 
insoluble resistant nature. The gel. of silica in contact with water, — 
as van Bemmelen showed, continues to change for years always in the 
direction of a more complete separation from the fluid. In these cases 
the equilibrium is labile and the composition of the fluid phase will 
alter continuously with the alteration in the solid phase. Van’t Hoff 
points out the difficulties which arise in the study of the equilibrium 
states of calcium sulphate and water owing to the inertia of the solid 
phase, which may be one of various hydrates or one of two different 
molecular states of anhydrous calcium sulphate. The anhydrous form 
which separates first is a soluble calcium sulphate, and this slowly 
changes to insoluble calcium sulphate. 
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One can trace similar changes in globulin precipitates, which may 
be of the nature of differences in the degree of hydration of the globulin, 
of differences in the molecular state of the globulin similar to the 
distinction between soluble anhydrous and insoluble anhydrous calcium 
sulphate, or of differences in the amount of salt, acid or alkali combined | 
with the globulin. | 


Increased stability of the solid phase of globulin due to contact with 
water. Globulin precipitated from a solution of acid or alkaline globulin 
by neutralisation and the precipitate is redissolved by salt. The amount 
of salt necessary to effect resolution rises and apparently reaches a 
maximum in 120 minutes, and the rate of solution slows with time. 
The increase in inertia is well seen in the following curve which 
represents solution of a globulin precipitate which had been kept i in 
dialysing bags in contact with boiled water for three days. 

Below the line where no solid phase can be separated by the 
centrifuge the curves were mapped by estimating the fraction of 
globulin in the total solid phase, above that line the change was 
followed by careful comparison of the change in the degree of opal- 
escence. Curve OABCD represents in order solution in KOH, pre- 
cipitation and resolution by HCl. Curve OX YCZ represents. solution 
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in HCl, precipitation and resolution by KOH. In both cases the curve 
starts from a suspension of ox-globulin containing in 100c.c. 1:34 gre. 
dry globulin, and the figures to right and left of the line 00 give 
respectively the number of c.c. of 0:01 normal KOH or HCl added to 
of this suspension. 

When globulin is dissolved by salt in presence of a small amount 
of acid (HCl) the end point depends upon the way in which the salt is 
added. If it be added slowly the first effect of the salt is to precipitate 
the globulin and this precipitate acts as a drag on the system so that 
final solution is only attained by excess of salt. If the salt solution be 
added rapidly with agitation the initial precipitate has not time to form 
and clear solution is obtained with less salt. 

Two special instances of inertia are worth mention. 

When the concentration of salt in the entire system is the same the 
concentration of globulin in the fluid phase is greater when the salt is 
added to a thick suspension of globulin than when the concentration of 
salt is reached by diluting a more concentrated solution of salt globulin 
free from solid. 


Thus twice normal NaCl was added to a suspension of globulin so that the final con- 
centration was 0°12 normal, and 0-09 normal respectively. And portions of 1°8 normal 
salt saturated with globulin were diluted with water to 0°12 normal and 0-09 normal with 
the result that precipitation of globulin took place. Therefore in the final state in each 
case excess solid globulin was present. 

The various solutions were centrifuged and the globulin in solution determined with 


the following result: 


Diluted from 
Salt Direct solution 18 normal 
0°12 normal 4°46 °), 2°16 °%/, 
0-09 2°776 0°35 


The explanation is I think simple. If there were no inertia the 
state produced by solution and that produced by precipitation should 
coincide so long as excess globulin is present, and the state would 
be one in which salt, water, and globulin are distributed through both 
phases. But when solid globulin is dissolved the system has to come 
into equilibrium with residual solid globulin which will, owing to the 
inertia of the solid state, change to the salt globulin state slowly, while 
in precipitation on dilution the first-formed precipitate is a salt globulin : 
in equilibrium with a certain relative mass of water. The lag in the 
one case is from one extreme condition of the solid phase, in the other - 
it is from the other extreme. Similar cases are found in systems 
much less complex than colloidal systems, and they led van ’t Hoff to a 
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generalisation which connects the degree-of inertia with the valency of. 
the ions’. 
An interesting example of inertia in respect to temperature is 
furnished by: the compounds of edestin with potassium sulphate and 
sodium chloride. | | 


When crystals of edestin are alternately melted by heat and separated by cold in sealed 
tubes under saturated solutions of K,SO, edestin and NaCl edestin respectively, it was 
found that with a rising temperature the crystals in the NaCl tube melt slightly later than 
those in the K,S0, tube, with a falling temperature they reappear very much earlier. _ 
‘Warmed to 15°, the crystals in both tubes fuse, those in the NaCl tube lagging very 
slightly; cooled to 11°, the whole mass in the NaCl tube at once recrystallises, while that 
in the K,S0, tube is still fluid ten minutes later. | 

The composition of the fluid phases from which crystals separated was : : 


Proteid Salt Water 
K,S0, 44°7 %/, 0-011 equiv. in 100 gra. 55 °/, by weight 
NaCl 45°8 °/, 0015 ,, ” 544%, 


_ From these two solutions it would be possible to construct a device which would 
resemble the thermal sense organs in indicating either a rising temperature or a falling 
temperature. 

Looked at from the point of view of the Phase Rule most of the 
measurements made are of consolute points for the globulin rich and 
globulin poor phases, the consolute point being defined by opalescence 
due to an internal phase being minimal. Like ordinary three com- — 
ponent systems which form phases of continuously varying composition 
the composition of the consolute depends upon the initial ratio of the 
components, ¢.g. water and globulin, In the phase diagram the curve 
for the conjugates is nowhere parallel to the base line globulin-water 


and therefore it is cut at different points according to the position on 
that base line of the initial system. | ; 


THE EQUILIBRIUM BETWEEN ACID, OR ALKALI, GLOBULIN 
AND SALTS, 


It will be convenient to use BOH for alkali, HS for acid, and G for 
globulin, the latter symbol however is not taken to mean always the 
same reacting weight. | 

- There are four components, BOH [or HS], G, BS, and HOH, and 
the equilibrium of these four component systems which are of practical 
interest are (1) the precipitation of solutions of alkali or acid globulin 
by low concentrations of salts, (2) the precipitation of those solutions on 
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neutralisation, eg. GHS + BOH=G+BS+HOH. In the second case 
the right-hand side of the equation which represents the condition when 
the solid phase forms contains the salt BS, and this is the agent which 
brings about the precipitation. Dialysis for instance in which salt is 
not formed does not lead to precipitation, at any rate from solutions 
where the acid or alkali combined with the globulin liberates only 
univalent ions, 

Precipitation by neutralisation therefore is merely a special case of © 
the precipitation of alkali or acid globulin by salts, The stability of 
the solution is diminished by reducing the ratio acid or alkali/globulin 
until the concentration of salt is sufficient to destroy it, 

The solid phase which settles out may be alkali globulin or acid 
globulin of very low alkali or acid content, or globulin. This is the 
only possible explanation of the following facts. The solid phase is 
completely immiscible with the fluid phase, but it is usually only 
imperfectly separable from water. When the precipitate is dialysed or 
washed by decantation a stage is frequently reached at which solution 
of a low grade is reformed, the solution being filterable and stable on a 
centrifuge. The proteid has resumed its ionic character and the 
direction of movement shows that if it has been precipitated from 
alkali globulin it moves to the anode, if it has been precipitated from 
acid globulin it moves to the cathode. Between these two conditions 
of the precipitates there is.a point where globulin is precipitated which 
does not resume its ionic character in presence of any volume of 
water, 


Salts as precipitants. When salts at low dilution precipitate : 
hydrosols a simple and remarkable relation exists. The precipitating 
action of the salt is due to one only of its ions, always that which 
carries an electric charge of a sign opposite to that of the colloid 
particle, and the power of the salt is much greater the higher the 


valency of the ion. 


This valency rule can be detected in the precipitation of acid or 
alkali globulin by salts, but it is obscured to a greater or less extent by 
the fact that the salts themselves can form soluble compounds with 
globulins, . 

If transparent solutions of acid or alkali globulin are precipitated by 
salts it will easily be seen that the salts are arranged so far as precipi- 
tating power is concerned according to the ionic valency rule stated 
above, but it is equally obvious that some salts precipitate a larger 
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fraction of the globulin and give a heavier and coarser precipitate than 
others, 

‘Putting this complication on one side attention was fixed solely 
upon the point of maximal precipitation for any particular salt, and 
four salts were examined in some detail, the acid and alkali being HCl 
and NaOH respectively. | 

The method used was to add a normal solution of the salt to the 
solution of globulin until the point of maximal precipitation was 
reached. The mass of globulin was constant throughout. The volume, 
that is the concentration, of the globulin varied. The following curves 
(Fig. 5) give the relative concentration of acid or alkali, and salt which 
correspond to the most complete separation of a solid phase. The curves 


1 i 


Fig. 5. Ordinates equivalents of HCl or NaOH x 100 per litre, Abscisse equivalents of 
Dotted curves are salt alkali. I. MgNO,:NaOH. IL MgSO, : NaOH. 
4:NaOH. IV. K,80,:HCl V. MgNO,:HCl VI. KNO,: HCL 

VII. Mg80,: HCl. 
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for salt acid-globulin are much more extended than for salt alkali- 
globulin. The range of concentration of alkali over which a salt can 
precipitate is so small as to reduce the curves practically to short 
almost vertical lines, the slope of which is almost indeterminable. 

The curves were followed downwards into the region of opaque 
opalescent solution as far as possible, as - horizontal lines which mark 
the level of clear solution show. 

The curves for salt acid globulin are extensive enough to permit of 
some conclusion being drawn. At a concentration of acid when the 
globulin is completely dissolved the valency law holds, the electric sign 
of the proteid is + and the salts are : 

K,SO,= MgSO, > MgNO, and KNO,,. 

As the acid concentration rises an entirely fresh relationship is 
seen—that due to the solvent powers of the salts, those powerful 
solvents the sulphates ceasing to have any precipitating power, the 
nitrates continue to be good precipitants beyond the range followed. 

At 0:002 to 0:003 HCl the concentration of K,SO, or MgSO, needed 
to precipitate nearly reaches infinity, while at 0°23 MgNO, the con- 
centration of acid needed to dissolve reaches infinity, and for 0°23 KNO, 
is rapidly rising. 

The remarkable change of direction in the curve MgNO,. HCl on 
the analogy of similar cases indicates a change in the constitution of the 
solid phase which is formed. 

The curves for K,SO,.HCl and MgSO,.HCl cannot be prolonged 
upwards, for beyond their upper ends a solid phase cannot exist. The 
curves for MgNO,. HCl and KNO,. HCl can be continued beyond the 
point to which they are actually mapped, that is to say these salts 
continue to precipitate with still higher concentration of acid. 


Salts as solvents in presence of acid or alkah. I measured the 
converse relation for two salts, namely the effect of varying amounts of 
HCl and NaOH upon the amount of salt necessary to dissolve the same 
weight of globulin. 

The salts were K,SO, and MgSO, (Fig. 6). The ordinates give c.c. 
of normal salt, the abscisse to the right of the line 00 represent c.c. of 
0°01 normal HCl, to the left c.c. of 0:01 normal NaOH. At 05 NaOH 
the mass of K,SO, needed to dissolve the mass of globulin present 
(0107 grs.) is zero. The ordinate OO measures the amount of salt 
_ needed to dissolve when neither acid nor alkali is added. The curve is 
‘the line which separates the system with no solid phase present from 
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the system with a solid phase present. The former lies above, the latter 


below the curve. 


Fig. 6. Ordinates ate 0.0. normal salt, absciss® to right, ¢.c. 0°01 formal HCl, to left 


001 NaOH (for K,80, curve) or KHO (for MgSO, curve), in each case added to 5 ¢.c. 
of a globulin suspension. 00 is line of salt alone. 
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Fig. 7. The curves show the amount of acid (I, II, III, IV) or alkali (V, VI, VII) needed 


to dissolve to transparent solution 0-107 grs. y globulin in presence of varying 
‘amounts of salt, 
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“Acid or alkali as solvent in presence of salt, The difference in the 
relation of salt to acid globulin and to alkali globulin is shown in the 
following curves (Fig. 7), which indicate the quantity of hydrochloric 


acid or caustic soda needed to dissolve an arbitrary weight of globulin __ 


(0'107 grs.) to the same grade of solution—in presence of certain salts. 
The ordinates are c.c. of 0:01 normal HCl or NaOH, and the abscisss 
are c¢. of normal salt to 10c.c. of a suspension containing 0107 grs. 
dry globulin. 

The salt was added to the suspension first and it produced partial or 
complete solution. The acid or alkali was then run in, the globulin being _ 
reprecipitated by the first few drops. The curve for Mg(NO,),. NaOH 
is too short to be plotted owing to the great solvent power of the salt 
in presence of alkali. 

The curves show (1) that all the salts examined inhibit solution by 
the acid, and all the salts at first inhibit and then aid solution by the 
alkali; (2) that each salt has its own peculiar form of curve. 


Acids and alkali as precipitants and solvents in presence of salts, 
In order that the precipitate should include a large fraction of the 
globulin the relative concentrations need to be adjusted with some 
accuracy. The distribution of globulin in the solid and fluid phases was 
determined by centrifuging and estimating the total precipitated. This 
gives the state of the system under the centrifugal stress, and as it has 
been shown that centrifugal force will concentrate the outer layers of 
an ordinary salt solution’ this state must not be regarded as coincident 
with that produced by the much smaller force of gravity. 

The following curves (Fig. 8) are drawn according to the recognised 
convention—the upper line represents the one _ system, all the 


O01 NaOH ~_ ccm HCI 
Cc A, 


| Fig. 8. 
1 van Calcar and Lobry de Bruyn. Ree. Trav, Chim. Leidén, xxvut. p. 218, 1903. 
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globulin being dissolved, the lower line represents complete precipitation : 
of the globulin. The apex of each curve is the point of maximal © 


precipitation. To the left of the line OO the numbers give the amount 
of NaOH added in c.c. of 0:01 normal solution, to the right they give 
the number of cc. of 0°01 HCl. Therefore the line 00 is the line of 
neutrality so far as the NaOH and HCl alone are concerned. The 
lower 0 is a suspension of 0°1 gr. of dry globulin in.10 cc. It was 
completely dissolved by alkali (0A), the curve being drawn as a simple 
straight line because the points intermediate between O and A were 
not mapped. The solution of NaOH globulin was precipitated by HCl 
0:01 normal, and the curve AX does not reach the line of complete 
precipitation. The precipitate was redissolved by HC1(XA). One c.cm. 
of normal KNO, was added to 10 cc. of the suspension and the 
po BYB mapped, and 31 cc. normal KNO, gave the curve 
These curves show that the effect of increasing salt (KNO,) 
concentration is to shift the point of maximal precipitation over to the 
acid side, and to render resolution by acid more and more difficult. At 
the same time the fraction of the globulin which can be precipitated 
becomes less and less, the trough of the curve gradually filing up, the 
apex moving along the dotted line. | 
The salt which is produced when a solution of acid or alkali 
globulin is precipitated by alkali or acid similarly shifts the point of 
maximal precipitation over to the acid side. In Fig. 9 two sets of 
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curves are given. In the lower, starting at 0, the following events occur 
in order in the curves; solution by NaOH, precipitation and resolution 
by HCl, and, in the dotted curve, reprecipitation and resolution by NaOH. 
The second precipitation occurs further in the acid region. The 
other curve traces the same series of events with the same 
suspension after 20 c.c. 0°02 normal NaCl het been added to 100 c.c, of 
the suspension. | 

When an arbitrary and low salt concentration (0°18 normal) 
is chosen and the curves of solution and precipitation mapped, the effect 
of the valency law stated earlier is seen very prettily in the relative 
power which salts possess of inhibiting solutions of globulin by acid. In 
the following curves (Fig. 10) the point of maximal concentration is 


Fig. 10. AA, 100 per cent. globulin dissolved. BB, 100 per cent. precipitated. OO, no 
acid or alkali. normal salt added to 10c.c. suspension. 
I, Mg(NO,),. II, KNO,. . MgSO,. IV. K,S0,. 


placed on the line of complete precipitation as a convention since the 
fraction of globulin actually precipitated was not determined. The 
sulphates with bivalent negative ions inhibit solution by acids much 
more than the nitrates with monovalent negative ions, and also displace 
the point of maximal precipitation further to the acid side. This last 
feature is unexpected and interesting. It shows that the salt interferes 
with the action of the acid in decomposing alkali globulin, a relation 
readily understood on the hypothesis of the existence in solution of 
a salt alkali globulin compound. 

These various cases render the complexity of the four component : 
systems very obvious; there is however one feature of fundamental 
importance which is never obscured, and that is the antagonism between 
the solvent actions of salts and acids, and the additive nature of the 
combined solvent action of salts and alkali. This feature arises I believe 
from the fact that-acid globulin is insoluble by salt. Salts will combine 
with globulin or with alkali globulin to form soluble compounds ; they 
will not so combine with acid globulin. 
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If this be true, then, when acid globulin is precipitated and redissolved 
by salt, the acid must be displaced and the globulin redissolved, not as 
salt-acid globulin but as salt globulin. The displacement of the acid 
can readily be followed by methyl orange. When HCl globulin is 
precipitated by a salt this indicator shows that free acid is liberated’. 
But.I failed completely to detect.the liberation of free alkali when salt 
is added toa solution of alkali globulin. This suggests that precipitation 
of acid globulin is partly a definite chemical replacement of acid by 


salt, 
os GHS + BS = GBS + HS. 

- ‘The fact that alkalies slightly assist solution in salts while acids very 
generally depress it suggests an interesting possibility, namely, that in the 
compounds GHS and GBS the acid HS and the salt.BS are united to 
the molecule of G in the same way, so that they compete with one 
another, while in GB and GHS the base and salt are united to different 
parts of the molecule. 

On this view the possible equations would be, 
GB + BS GB.BS, 
G+BS G.BS, 
| GHS + BS —* GBS + HS. 
And the impossible equation is : 
GBS + HS GBS. HS. 


Analogous case of amido acids. These equations can be developed 
further on the analogy of the amido-acids, if the globulin be taken to 
have a molecular structure in general agreement with that of Fischer’s 
polypeptides. 

The structural formula for an amido-acid is 

H, 

According to Bayer’s oxonium theory the upper oxygen of the 
carboxyl group has two unsatisfied valencies, oxygen being tetravalent 
. OS. In the molecule it acts as O=. The nitrogen atom has two 


* The following salts were tried and in each case free acid was detected, KN ; 
and Mg80,. 
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unsatisfied valencies. In the molecule it is N=, while its upper limit 
of valency is N=. Therefore there are two places where other atoms 
can be linked on without replacement. 


Consider the special case of amido-acetic acid. The following 
compounds are known, 

(i) The salts with alkalies formed by repincement of the hydroxyl 
group: 


Gi) The alte with acids: 


1.6: potassium acetate, 


In this class the linkage is due to a change from N= to N-. 


The hydrated form which theoretically exists in water ee also 
probably have the formula ; 


i 
NOH 
(iii) Double salts such as «NaCl. 
Which of the two possible linkages holds the NaCl? Clearly it 


might be the ee O= on the analogy of the hyper-acid acetate 
of potassium. 


O 


But the probability i is very much in favour of the — bing by 
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‘Therefore the probable formula is 


1 
a 
| No GO 
\OH | 
That is to say the amido-acid can link on an acid or a neutral salt 
Therefore the possible equations are : 
NH, 
COOH 


NH,.HS 


> R 
+HS COOH 


NH, NH,BS 


NH,HO 
R BOH R 


th 


R 


COOH COOH 


NH,BS NH,HS 
HS R 


NH, NH,BS 
R BS 


th otf 


Appenpix I. 


The apparatus used to determine the absence of any drift in a 
field, and therefore of any charge on the molecules of the solvee, was 
as follows : 

AB is a glass tube ground at the ends, on which is a shoulder at. £, 
so that it can be lowered into the U-tube which it nearly fits. The 
lower part is graduated in millimetres, and filled with a gel of celloidin 
permeated only by pure chloroform. The gel was prepared by filling 
the tube to C with a solution of celloidin in ether and alcohol and setting 
it to a gel by immersion in chloroform. The ether and alcohol were 
removed by immersion in the dark for weeks in many changes of 
chloroform. The bend of the U-tube holds mercury, and the space BC 
a solution of azobenzene ini chloroform. The space AC holds « similar 
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solution. Electrodes dip into AC and into the mercury and a field of 
130 volts per cm. was maintained for six hours; after 
which the tube AC was removed and the saebonnine 
found to have diffused 9 mm. into the celloidin gel 
from each end. It has therefore moved at equal 
velocities in the field in a direction from anode to 
cathode, and from cathode to anode. There is no 
difference to indicate a drift of charged molecules. 

In other experiments two plates of solid azo- 
benzene each 1 mm. thick, were kept at differences 
of potential the gradient between them being 500 
volts per cm. They were then immersed in chloro- 
form and found to dissolve at the same rate. 


| 


II. 
The relation of the globulin to serum proteid. 

Ionic globulin is absent from serum, therefore alkali globulin is 
absent. But salt-alkali globulin which does not liberate ionic globulin 
in solution may be present and stable, in spite of the low salt content, 
owing to the great stability of this substance in solution. Dialysis 
brings about partial precipitation by liberating alkali globulin, which 
in turn is precipitated by the free salt present, or by carbonic acid. 
Further decomposition and precipitation occurs when a stronger acid is 
added. 

This hypothesis is simple, and can be extended very easily to embrace 
the methods of precipitation. It is also in agreement with general 
opinion, which regards serum as a mixture of certain proteids in 
solution. 

It fails, however, to explain why serum is not siceatidnasid by simple 
addition of acid, for acid globulin is extremely unstable in presence of 
salts, and on the whole the balance of probability is against it and in 
favour of there being in serum some (possibly one) complex proteid 
which breaks down readily into fractions whose composition and 
properties depend upon the degree of dilution and the reagents 
used, 


The facts of the case are these. The proteids of serum are 
electrically inactive. Neither the whole nor any fraction moves in 
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afield. It is not possible to detect a trace of “ionic” proteid. Dialysis 
or dilution disiurbs the equilibrium, and “ionic” globulin appears, and 


can be swept out of the general mass of proteid as an opalescent cloud 


before dialysis has been pushed to the point where precipitation occurs, 
The development of even minute quantities of “ionic” globulin can be 
detected in this way. The direction of the movement is towards the 
anode, therefore the globulin which appears is the anion of alkali 
globulin. 

As dialysis or dilution proceeds the concentration of the liberated 


alkali globulin increases, the inerease being shown by an increase 
in the density of the anionic globulin cloud which emerges from the 
serum in the electric field, and when the concentration reaches a certain 


point precipitation of globulin or of an alkaline globulin having a 
lowered alkali content occurs, due either to the action of carbonic acid 
or to-the relative concentrations of alkali globulin and salt becoming 
such that the former is partly precipitated, just as a solution of pure 
alkali globulin can be more or less completely precipitated by the 
addition of small amounts of salt. What is known of globulins reduces 
the possibilities to these two, and as a matter of fact the action of 
carbonic acid seems to be the more potent. Dialysis in closed vessels 


against water freed from carbonic acid decidedly diminishes precipita- _ 


tion. 

Be: this.aa-it. may, whom concen 0. procipitate.cun: ia left 
with serum which has lost only a small portion of its proteids' and 
which still contains globulin in abundance. Further precipitation of 
this residual globulin is brought about by the addition of any acid, but 
even the most cautious acidulation fails to precipitate the whole, a 
second dialysis giving a still further yield. 

_ Serum which has been dialysed against water with very low carbonic 
acid content until it ceases to give any precipitate, but which can still 
give with acid a large yield of globulin is in a most interesting 
condition, The whole remaining proteid is now ionic, It moves towards 


the anode quite uniformly, therefore it behaves as a whole as the proteid 


ion of an alkali proteid compound. 


Now what does this mean? The presence of other proteids does not 


interfere with the movement of ionic proteid. This point cannot be too 
much insisted on, It lies at the root of the evidence. Therefore one 
starts with proteid which behaves uniformly and is electrically inactive, 


neutralised by acid. 
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one ends with proteid which behaves uniformly and is electrically active, 
and in the final stage there is no evidence of the presence of more than 
one kind of proteid ion. But this residue of uniform character still 
contains a glubulin fraction. It can be split by saturation with a neutral 
salt or by acidulation into fractions differing in properties according to 
_ the mode of separation. 

Serum proteid in uncharged serum is electrically inactive, but ib i is 
possible to make it-as a whole electrically active. 

When in the cell used for these experiments which is described on 
page 289 the upper layer of fluid is a solution of 4, normal acetic acid 
and the lower layer is serum and a current is passed for 24 hours the 
serum proteid becomes slowly charged in such a way that it is repelled 
from both poles. Therefore in the anodic limb it becomes charged 
- positively, in the cathodic limb negatively. The result of the double 

repulsion is that the proteid is condensed into a hard plate of rubber- 
like consistency just midway between the electrodes’. 

The phenomena would be explained on the theory which has been 
outlined in this way. In the anodic limb an excess of hydroxyl ions are 
liberated owing to the electric convection, and these, reacting with the — 
serum proteid, convert it into cationic proteid. In the cathodic limb the 
converse reaction with hydrions occurs and is possible owing to the 
amphoteric nature of proteids. The entire mass of serum proteid is — 
thus thrown into the ionic state and in this condition moves with 
uniform motion, the one half as cationic proteid, the other half as — 
anionic proteid, The electric current, the most subtle of analysers, 
detects only one substance, and this substance owing to its amphoteric 
nature can exist in either the cationic, or the anionic state. 

The concentrated hard rubber-like mass of proteid obtained in this 
way cannot be discriminated from serum proteid. It is easily soluble in 
distilled water, and in dilute salt solutions, From the solution in water 
a globulin fraction can be precipitated by acid, or by saturation with 
magnesium sulphate. From the solution in dilute salt solution a 
globulin fraction can be precipitated by saturation with salt (NaCl 
or MgSO,). The filtrate after removal of the globulin by saturation 
contains a proteid which is precipitated by acetic acid. In this respect 
it is identical with serum albumen. 

The plate of concentrated proteid contains the serum phosphorus but 
only a fraction of the serum pigment. 


Whitney and Blake, describe similar double repulsion in the case of gelatine 
Am. Chem. Soc, xxvz, p. 1339, 1904. 
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The position then is that in serum one has proteid which can be 


thrown into the ionic state and which then moves in a field as a single — 


substance. From it an electrically active fraction, namely globulin, can 
be split off, and the proteid thereby becomes electrically heterogeneous. 
When the fraction is removed by dialysis and by acid the remaining 
_ fraction is again electrically homogeneous, but it is now ionic. 

Now the globulin fraction has an abiding characteristic. In all its 
solutions its molecular state is so gross as to cause the molecules to be 
arrested by a porous pot. They will not pass such a filter, even under 
pressure. In this it is sharply distinct from the parent serum proteid, 
which is readily filterable. If globulin be present as such in serum it is 
not only non-ionic, but the agent which dissolves it must be something 
more than alkali and salt since either alone or together they will not 
_ produce so high a grade of solution. 

The difference in the molecular state of globulin when once 
separated, and the electrical homogeneity of serum proteid and 
of the fraction (still capable of further subdivision by salting out) 
which remains after the alkaline globulin fraction which most readily 
appears has been removed suggests that serum proteid is a complex unit. 


If such a unit exist it is not saturated with globulin. Fresh ox serum 


has an extraordinary power of dissolving globulin, it will take up almost 
its own volume of the thick cake at the bottom of a centrifuge tube ; 
and in ox serum so saturated there is not a trace of alkali globulin nor 
of any ionic proteid. 

The question of the relationship of globulin and serum proteid can 
be approached from the chemical side. 

Globulin contains phosphorus, two analyses by Carius’ method 
giving 0:07 and 0°08°/, by weight. In the analyses of blood globulins 
which I can find, this fact is nowhere mentioned, though Porges and 


Spiro’ speak of calcium phosphate as a constituent of globulin pre-. 


cipitates, though the manner of its identification is not given. If calcium 
and phosphate were to be found in the ash in the requisite proportions 
it is certain that calcium phosphate does not occur in the intact 
globulin, for the phosphorus-holding portion is not dissolved by 48 
hours’ digestion at 40° with 50°/, acetic acid. 


Ox serum globulin was precipitated by } saturation with AmSO,, and the precipitate 
_ purified by being dissolved and reprecipitated seven times. The preparation contains 


| Some of this preparation was dissolved and coagulated by boiling, and the fine 
? Beit. 2. chem. Physiol, u, Path, m1. p. 277... 1902. 
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coagulum suspended in boiling 30°/, acetic acid, and then digested for 48 hours with 
50 °/, acetic at 40°. The proteid was filtered off and the filtrate found to give a good 
xanthoproteic reaction. The undissolved proteid was washed on a filter for two days 
with hot water. It still contained phosphorus, apparently in undiminished amount. 


The phosphorus is not from entaugled lecithin. 
Ox globulin precipitated by acetic acid was coagulated by heat, digested for 48 hours 


gt 40° with 50°/, acetic, and washed on a filter with hot. water until all the acid was 


removed. It now contained phosphorus. It was extracted with alcohol, dried and — 
contained phosphorus. 


‘The property of serum globulins which first caught my ‘attention in 
this investigation was their phosphorus content and the close association 
of the characteristic insolubility of the globulin with the Presence of 
this element. 

All the globulin fractions which can be separated from serum 
contain phosphorus in the first instance, most of them can be fraction- 
ated by secondary treatment into a phosphorus-holding proteid which 
is precipitable by dialysis and a phosphorus-free proteid which is soluble 
in water, . 

Consider first two fractions, the one separated from ox serum diluted 
to 10 to 15 volumes by acetic acid, the other separated from ox serum 
by saturation with magnesium sulphate. The first is purified by three 
times solution in ammonia, and precipitated by acetic acid. The second 
was purified by solution and precipitated by the salt until the whole of 
the proteid came down on saturation. The magnesium sulphate fraction, 
or shortly, the salt fraction, is, as Hammarsten showed, a much larger 
fraction of the whole serum proteid (63°/,), the acid fraction is only 17°/,. 

The phosphorus content of these two fractions is very different, being 
for the acid fraction 0:07 to 0:08 °/, P, in the salt fraction 0:009°/, P'. 

The acid fraction will not yield a fraction soluble in water or free 
from phosphorus by any simple treatment such as partial precipitation 
by acids or alkalies, by dialysis, or treatment with salts. I have only 
two sets of estimations of phosphorus bearing on this point, namely 
of fractions precipitated from solutions in very high dilute caustic by 
acetic acid. The first fraction to come down contained 0°068 */, P, the 
second fraction 0°071%/,, both fractions being prepared for analysis by 
washing with alcohol and ether. 

‘The analyses were carried out for me by Mr Hall, assistant at the University 
Chemical Laboratory, by the bomb method. The amount of phosphorus in the salt 


fraction is too small for accurate estimation. Mr Hall gives ma the shove Sgure es: She 
best available approximation. 


PH. XXXIII, 
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~The salt fraction, as Burckhardt! first showed, readily splits on 
dialysis into a water soluble and a water insoluble portion. The former 
contains phosphorus, the latter is free from phosphorus, is soluble in 
water but is precipitated by saturation with neutral salt. _ 
Consider another method of fractionating serum proteid. Ox serum 
is dialysed until precipitation ceases [P. i], the residue is precipitated 
by addition of acetic acid [P. ii], the filtrate is precipitated by saturation 
with magnesium sulphate [P. iii}. P. i, P. ii, and P. iii all contain 
phosphorus. Between P. ii and P. iii a fraction also can be interposed, 
namely by dialysis, I do not know whether this causes the final salted 
out fraction to be free from phosphorus. 


P. i will not yield a phosphorus free or water soluble Le P. ii 
readily does so. Dialysis of solutions of the proteid in either dilute 
acetic acid, or sodium chloride, leads to the separation of a precipitate 
which contains all the phosphorus, the residue is a water soluble 
phosphorus-freesproteid which is precipitated from its solutions by | 
saturation with esium sulphate. From the former fraction I 

failed by subsequent treatment to separate water soluble _proteid. | 
The latter fraction is a proteid of somewhat singular properties, It is 
not precipitated by a stream of carbonic acid gas, nor by dilute acids. 
It is: precipitated by very dilute alkali and the precipitate is resoluble — 
on the addition of salts. It is entirely and completely precipitated by «1 pe 
saturation with magnesium sulphate at 30°. It is not precipitated by 
60°/, alcohol, though the slightest trace of salt at once and completely 
precipitates. It is coagulated by heat, It is very readily changed to 
derived albumen, as for instance by simple evaporation of the solution 
in air. 
. The two fractions into which P. ii splits differ not only in relation 
to phosphorus, but also in relation to the presence in the molecule of a 
sugar-yielding moiety. I succeeded in preparing osazone from the 
fraction which is insoluble in water and contains phosphorus. I _— 
in three attempts with the soluble phosphorus-free fraction. 


P. ili gives a very poor yield at best of insoluble proteid. This 
examination of the various fractions is uncompleted and I am engaged — ' 
in filling in the gaps, but the knowledge so far gained suggests that t 
serum proteid will yield a phosphorus holding proteid which is insoluble 1 
‘in water and has all the —- associated since Schmidt’s =e 


Arch. f. exp. Path. u. Pharmak, xv1. p. 822, 1883. 
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with the word _eerproned beat corresponds to the englobulin of later 
writers‘, 

It can be split off in association. with varying amounts of a 
soluble proteid which corresponds probably to the ea of 
these writers. 

When isolated it forms compounds with acids and alkalies which are 

. remarkable for the indefiniteness of. the combining weights, therefore 

englobulin itself may be merely a step in a series of proteid com- 
pounds, the magnesium sulphate fraction being at one extreme, and the — 
so called nucleo-proteid of Pekelharing, which has all ~ characters of 
a globulin, at the other. 
This is a very obvious possibility, it is therefore pertinent to ask 
why englobulin is dealt with in this paper as a chemical unit? 
Because in the first place it combines as a whole with bases so weak as 
aniline and urea, and with acids so weak as boracic, and in the second 
place when combined with any acid or any base the whole of the proteid 
becomes ionic, not merely a highly phosphated acid fraction, and the 
whole in its ionic state shares uniformly in the electric transport. * 


Suumany. 


‘This paper deals with the belatinaé of globulins to acids, alkalies 
and salts, and the properties of the solutions considered as cases of 
colloidal solution, 

In the three component systems water, globulin and monovalent 
acid or monovalent alkali, or neutral salt, when three phases are present 
they are vapour and two continuously varying states, one rich in globulin 
the other poor in globulin. The former may separate as a precipitate ° 
or it ‘may remain dispersed throughout the latter as an internal phase 
which is not separable by gravity or centrifugal force, in which case it 
confers on the fluid a greater or less degree of opalescence. Both these 
phases vary-continuously in composition with variation in the relative 
massea of globulin and acid, alkali, or salt, Such continuously varying 
‘states might be called solutions, solid or fluid, of the one component in 
the other, the precipitate for instance being a continuously varying solid 
solution of globulin, water, and salt, acid or alkali, like the continuously 
varying solid solution of ammonium and potassium sulphate which 


1 Mareus. Zeit. f. physiol, Chem. xvi. p. 559. 1899. Porgesand Spiro, Beit. 
2-3 


&. chem. Physiol. u. Pathol. m1. p. 277. 1902; and others. 
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separates from a elution of both salts. The relations however are best 
described as continuously varying compounds of globulin, since there 
are signs in the behaviour with indicators, and in the electrical character 
of the solution, and in the replacement of acid by neutral salt, of 
undoubted chemical interaction. 


Solution by acids or alkalies.. (Electro-positive or electro-negative 
globulin.) The facts can best be explained by assuming that salt 
formation occurs. This agrees with the view of all previous workers 
on the subject. Globulins therefore have both an acid and a basic 
function—they are amphoteric electrolytes. 

The globulin salts ionise in solution; therefore, in an electric field 
the entire mass of proteid moves. They also hydrolyse, but the 
hydrolysis offers special features resembling those which Jordis has 
pointed out in the case of sodium silicate, and Chevreul in the case 
of soaps. In both cases hyper-acid salts are formed. By dialysis the 
degree of hyper-acidity or hyper-basicity can be raised, but, as Jordis 
finds in the case of silica, with continuously increasing difficulty. With 
the rise in the degree of hyper-acidity or hyper-basicity, the “ grade” of 
_ solution diminishes, but, in the case of globulins, a precipitation point 
is not reached with monovalent acids or alkalies. Electrically active 
solutions of globulin cannot be precipitated by dialysis, nor at any stage 
do they cease to be electrically active. 

If G be used to denote globulin, the equation of hydrolysis « or 
dialysis would be: 


«2 GHS + y HOH =(GHOH), (GHS),_, + y HS, 
or «GB+yHOH,= (GH), (GB),_,+y BOH. 


In dialysis the ratio #/y varies continuously. 

Clearly a relation of this kind agrees with van Bemmelen’s defini- 
tion of absorption compounds as chemical combination with variable 
composition. 

The relative solvent power of various acids and alkalies has been 
measured. For strong and medium acids solvent power is measured by 
the number of gramme molecules present, not by the number of 


gramme équivalents : 
HCl=H,S0O,= H,PO,. 


Very weak acids have a lower solvent power HCl=5HA= 
+ 30,000H,BoO,. Comparison was made between the amounts of acid 
necessary to reach the same grade of solution. 
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The relations are explained by the very weak basic function of 
globulin. Therefore, salts with weak acids are much hydrolysed, and 
to reach the same grade of solution an excess of acid is needed in order 
to lower the degree of hydrolysis, With alkalies the weak alkali 


NH,OB dissolves as well as the strong alkalies, owing to the fact that 


globulin acts as an acid of considerable strength. 


The acid and basic functions were measured by the well-known 
methods—the catalysis of cane sugar and of methyl acetate—and the 
acid function found to be much the greater. | 

Data derived from measurements of electric conductivity, and from 
the behaviour with indicators, support the view that salts are formed, 


and that the globulin acts much more strongly as an acid than as a base. 


2. Direct measurement of the specific velocity of globulin “tions” 
was carried out by the boundary method. 

As the basic function of a globulin is weaker than its acid function 
the salts GHS (globulin + acid) will be hydrolysed more than the salts 
GB (globulin + base). Therefore, in the equation of hydrolysis given 
above, y/a@ will be larger for the former than the latter. Similarly, 


comparing salts with HA and with HCl, y/« will be greater for the _ 


former. 


With increase in the wales of y/x the size of the molecule increases 
also. ’ By dialysis, the size can be increased until it is large enough to 
diffract: white light. 


The large molecules are ionised, that is to say, they take part in the 


electric transport. And their specific velocity is exceptionally high. . 


“Tons” of this order of magnitude have the properties of matter in 
mass. Each is defined by a surface and moves under the influence of a 
surface contact difference of potential. With their appearance the 
fluid would cease to be homogeneous. It would have internal surfaces. 
I propose to call such ions colloidal ions, or pseudo-ions. Their specific 
velocity, within wide limits, is independent of sheir size, and is con- 
trolled by the laws of electrical endosmose. 


These conclusions are borne out by the boundary measurement and 
by the electrical conductivity of colloidal solutions. 


For instance: theoretically the proportion of poudo-ions in the 
following solutions of globulin should be: 


In HA > in HCl, > in NaOH, 
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and the specific velocities at 18° were found to be 23 x 10-*, 11°5 x 10-*, 
76 x 10-*. | 
By Ostwald’s law of the relation of specific ionic velocity to the 

‘number of atoms in an ion the value 23 x 10~* is an utterly impossible. 
one for an ordinary ion of the magnitude of the proteid molecule. — 


8. Viscosity. The viscosity of a globulin solution diminishes 
rapidly with the increase in the concentration of the ions, and more 
especially with the increase: in the concentration of the true globulin 
ions as compared with the pseudo-ions. | 


.. 4 Solution by neutral salts. - Globulins are dissolved by neutral 
salts.owing to the formation of molecular compounds (G.BS). These 
compounds are readily decomposed by water with liberation of the 
insoluble globulin (G. BS + HOH =G.HOH +BS). Therefore they are 
stable only in presence of a large excess of salt. Hence the solvent 
power of salts is from 200 to 500 times less than that of acids or 
alkalies, | | 
A double salt of the form AB.CD ionises according to 
AB.CD AB.C+D, 
I have never succeeded in detecting any trace of such ionisation in 
the case of globulin and neutral salts; possibly owing to the extreme 
instability of the ions. | ‘es 
Owing to the instability of the dissociation products the globulin 
can be precipitated from its solution with neutral salts by simple 
dilution. No degree of dilution will precipitate globulin from solution 
with acids and alkalies, | SoS 
_- The compounds of globulin and: alkalies (GB) are more readily 
dissolved by neutral salts than is simple globulin. Compounds of 
globulins and acids are insoluble by neutral salts, being decomposed 


with liberation of the acid. 


If on the analogy of an amido-acid a globulin combines owing to 
the presence of the NH, and the COOH group, then it forms salts with 
alkalies by replacement of hydrogen, and with acids by the change 
of the trivalent nitrogen of the amido group to the pentavalent form. 
There are two possible places where the neutral salt might link on— 
the unsatisfied valencies of the nitrogen, or the unsatisfied valencies of 
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_ the upper O of the COOH group. According to the oxonium theory, 
- O has a maximum valency O=, but O= is much less stable than N=; 


therefore, one would expect the linkage to be by the amido group— 


+ NaCl = R 


And this would account for the fact that the acid can be turned out of 
the combination with — by an excess of neutral salt, but alkali 


The relation of globulin to the serum proteid or proterds i is disouneed 
and the complete absence of “ionic” globulin from serum is noted, The 


probability of globulin being formed owing to the decomposition of a 
complex proteid present in serum is urged. | 
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GLOBULIN’. By J. MELLANBY. (Sixteen Figures in Text.) 
(From the Wellcome Physiological Research Laboratories.) 


CONTENTS. 
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8. The solution of globulin by: acids and alkalies 

4. The precipitation of globulin dissolved in acids and alkalies ws ante) ule’, . 

5. The precipitation of — dissolved in neutral salts by acids 

Summary 


Definition. The word globulin as used in this paper indicates a 
proteid which is insoluble in water but is soluble in dilute solutions of 


electrolytes. The term does not imply any definite salt precipitation 
limits, 


Method of preparation. A globulin dissolved in neutral salt solution 
is precipitated when the percentage of salt is diminished. This diminu- 
tion may be effected in two ways: (a) by dialysis, (b) by diluting the 
proteid solution with water. The first method is tedious and unsatis- 
factory. The properties of globulin are materially altered by prolonged 
contact with water. The second method gives better results and was 
used in the preparation of the globulin described in the following pages. 
At the beginning of the work fresh sterile horse serum was used as the 
source of the globulin. The globulin obtained from this source did not s 


* The experiments detailed in this paper were concluded in September, 1904. 
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give constant results when dissolved*in salt solutions. Later horse 
plasma from blood which had been prevented from clotting by means of 
potassium oxalate was used. Fresh sterile horse blood was miged with 
sufficient potassium oxalate to prevent it clotting. The corpuscles were 
allowed to settle. This settling usually took place in three or four 
hours. The plasma was then drawn off and added to ten volumes of 
distilled water. A quantity of plasma globulin was precipitated, but 
the amount was greatly increased by adding to the plasma water 
mixture 10 c.c, of 10°/, acetic acid for each litre of plasma used. The 
precipitation was done in fifteen-litre glass aspirators. After the plasma 
had been added to the water and the precipitation increased with acetic - 
acid, the mixture was well wea and the aspirator supported with its 
neck downwards. 

The precipitated globulin sadly settled (the settling was usually 
complete in an hour) in the neck and on the bottom of the aspirator. 
The supernatant fluid was drawn off by means of a syphon and a fairly 
thick suspension of plasma globulin obtained. Usually about five litres 
of plasma were precipitated and about two litres of crude plasma 
globulin suspension obtained. This suspension contained about 1°/, of 
globulin and 1°/, of albumen. The globulin in the suspension corre- 
sponded in its properties to those ascribed to fibrinogen. It was fairly 
soluble in neutral salts and on the addition of calcium chloride clotted. 
This suspension of globulin if left for a considerable time slowly settled 
and a more concentrated suspension could be thus obtained. But it 
was found that the settling was hastened by slight heat. The plasma 


globulin suspension was therefore put into Winchester bottles and 


immersed in water at 40°C. At this temperature the particles of 
globulin rapidly coalesced and sank to the bottom of the vessels. A 
considerable increase in the concentration of the plasma globulin 
suspension was thus effected. 

The concentrated suspension was now placed in a glass beaker and 
sufficient pure sodium chloride added to make the solution 9°6°/,. This 
salt caused the greater part of the globulin to go into solution. Calcium 
chloride was added to the mixture in the proportion of one to two 
thousand five hundred. The fluid in a variable space of time (usually 
about ten minutes) started to clot and this clotting proceeded at different 
rates in different plasmas. Whilst it was proceeding the mixture was 
whipped with a test tube brush. This prevented the clot from being 
quite solid and facilitated the subsequent expression of the unclotted 


liquid. 
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-., When the.clotting was complete the remaining fluid was poured off | 
and the: clot well freed from liquid by adequate pressure. The liquid — 


_ thus obtained, in spite of the large quantity of fibrin which had been 
removed, contained a considerable quantity of globulin in solution, and 
was used in the preparation of the globulin the properties of which are 
‘described in the following pages. From its method of production it is 
comparable to serum. It differs from it insomuch. that whereas 
horse serum usually contains about 10°/, of albumen and 0°15°/, of 


globulin, the above liquid contains 1 °/, of albumen and 4°/, of globulin. 


_ The preparation of the liquid was rapid, about three hours elapsing from 
the time the plasma was added to the distilled water to its production. 
Consequently decomposition processes were reduced to a minimum. 

The liquid containing the globulin in solution was added to 20 
volumes of distilled water. The salt was thus reduced, to about 0:03 °/, 
NaCl. The globulin was immediately precipitated as a dense white 
cloud. The particles rapidly coalesced and sank to the bottom of the 
vessel. The clear supernatant liquid was syphoned off and the remain- 
ing suspension concentrated by werenng and allowing to stand for 
ashort'time,. 

The thick suspension was filtered on folded hardened filter papers. 

A very thick suspension could be thus obtained. Further purification 
was made by adding the filtered suspension to water and allowing it to 
settle, or by washing the precipitate on the filter papers with distilled 
water. In the experiments detailed below the quantity of soluble 
proteid from the original plasma, and the salt in the globulin suspension 
are negligible. In no case was the proteid dried. 
Suspensions of globulin were used as early as possible after they were 
made. In the determination of the solubilities of globulin in salts the 
experiment, from the. precipitation of the plasma with distilled water to 
the obtaining of saturated solutions in salts, was completed in a day. 
When a considerable degree of washing was necessary, as in the case of 
certain. acid and alkali experiments, the operations were conducted so 
as to involve a minimum of chemical change. 

At the outset it was found that the globulins obtained from different 
ln differed in their solubility properties. There is, therefore, a 
: probability that the globulins of all horses differ in their physical 
properties. Such differences might have been due to differences in 
external influences during their preparation. But in order that no such 
criticism might be attached to the following experiments — 
experiments were always done on the blood of one horse. 
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The determination of the solubility of globulin in any solvent. A sus- 
pension containing about 2°/, of globulin was. obtained ‘as, described 
above. This strength of suspension was found to be easily workable and 
of sufficient concentration to allow accurate results to be obtained. 

5 ec. of this suspension were placed in each of a series of test tubes. 
To these Y cc. of water and X c.c. of solvent were added, the relation 
between Y and X being such that the total volume in each tube was 
10 cc. The globulin suspension, solvent-solution, and water were all 
at constant temperature. The test tubes were well shaken cates net 
in a constant temperature bath. 

On the addition of the solvent to the suspension a certain quantity 
of globulin went into solution. “After the tubes had been kept at a 
constant temperature for some time the undissolved globulin sank to the 
bottom, and a clear saturated solution of globulin in the required salt 
could be syphoned off. The amount of globulin in this solution was 
determined in the following way. If the salt did not crystallise with 
water and was not decomposed by heat, it was only necessary to dry 
a known number of c.c. in a weighed crucible. The weight of salt in 
the solution was known and the difference between the determined 
weight and this gave the quantity of eneeg which had — into 
solution. 

If the solvent salt erystallised with water or was daeioeil by 
heat, the determination of the proteid in the solution involved the 
coagulation of a known number of c.c., filtering, washing the coagalum 
clean with distilled water, drying and weighing. 

In the case of the first class of salts the initial dryings were done in 
small porcelain crucibles holding rather more than 10-c.c. and weighing 
about 5 grms. ‘These were heated on a copper plate, the temperature 
being regulated by the distance of the crucible from a bunsen burner 
placed under one end of the plate. After the excess of liquid had been 
driven off, the drying was completed in an air oven at 120°C. This 
temperature did not decompose the proteid and could be continued 
indefinitely without altering the weight of the proteid after it was dried. _ 
The coagula after washing clean on hardened filter papers were trans- 
pr to — crucibles and dried i in the air bath. 
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1. THE SOLUTION OF GLOBULIN BY NEUTRAL SALTS. 


A. Solution by Sodium Chloride. 


(a) The relation between the amount of salt added and the globulin 


dissolved. 5 c.c. of a 2°8°/, suspension of globulin were placed into each 
_ of a series of test tubes. To these varying quantities of 2°/, NaCl and 
water were added to make the total volume 10 cc. The solutions were 
allowed to saturate at 20°C. The weight of globulin dissolved was 
determined from the weight of a known number of c.c. of solution when 
dry. The experimental results are expressed fully below. 


5 c.c. °/, globulin = 1°4°/, in 10 cc. 


2°5 6 “1065 -08 075 1-275 5 
2°25 2°75 1 ‘1125 0815 1°16 
2-0 8-0 6 -0800 028. “052 “4 
1°75 8-25 6 -0680 047 “718 85 
8-5 “0280 -009 019 68 
1-25 8°75 2 -005 01 “80 25 


_ The results may be clearer when expressed as follows a 


globlalin disealved 
91 
76° 
66°5 
60°0 55° 
51-0 45 
426 856 


The curve expressing the results graphically is given on Fig. 1. It 
may be noted that the curve is not a straight line and that therefore the 


amount of globulin dissolved is not a constant proportion of the amount 
of salt added, | | 


(6) The influence of the concentration of. the original globulin 
suspension. From a number of experiments it was found that, the 


amount of globulin dissolved by any percentage of salt depended to 


a large extent on the concentration of the original globulin suspension. 
To determine what this relation was experiments were made in which 
_ the concentration of the original globulin suspension was varied. The 
following experiment embodies the results obtained. 
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 @LOBULIN. 
Globulin from one horse was suspended in water in five .strengths. 


1°68 
(3) ” 1:04 
(4) 
(5) ” 72 


| The solubilities of these five concentrations of globulin in sodium chloride were 
obtained. The numerical results are given below and are depicted graphically on Fig. 2. 


Amount of dissolved globulin in each 100 c.c. 


% NaCl 2 8 
% 2°53 13 94 73 63 
“45 11 61 67 ‘67 
“4 1°74 "66 66 5 
1°40 47 “44 
1°12 64 "B45 30 
204%, 168%, 106%, “71%, 
1° 
$0 
a6 
bo 
| 20 
(2) 
(+) 
(s) 
— 


Fig. 1. | Fig. 2. 
Fig. 1. Ordinates represent percentages of original globulin dissolved. Abscisse 
. represent NaCl present. 5:85°/, NaCl=1000. 
Fig. 2. Ordinates represent grams of dissolved globulin in each 100 c.c.s. 
Abscisse represent NaCl present. 5°85 °/, NaCl= 1000. 


If we examine the curves expressing these results we see that the 
amount of globulin dissolved by any given percentage of salt is directly 
proportional to the strength of the original globulin suspension. 


EN, 
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3 
0 
| 
| 
| 4 
| | 
4 


344 MELEANBY. 


The result is apparent if we examine the numerical values when the 
amount of globulin dissolved is expressed as & porccatage amount of the 
original globulin. 


Peroestage of orginal globulin 


986 773 885 88-7 
68°5 672 66°7 70°38 
-- 460- 48 522 588 
§1°5 $68 #881 410 422 


We may therefore the: law that the amount of globulin 
dissolved by @ given percentage of salt is directly proportional to the 
strength of the original globulin suspension, 

It may be noted that a given percentage of salt dissolves a little 
larger percentage of globulin with lower than with higher strengths of 
suspension. Small variations are undoubtedly due to experimental error 
but the whole trend of the results indicates that this is not the only 
cause. In considering the action of salts we must assume that the 
decreased solvent efficiency with higher strengths of globulin suspension 


‘is due to a slight inhibitory action of the globulin on the movement of 


the electrolytic ions, 


(c) The influence of the settling of the undissolved globulin on ‘i 3 


amount dissolved in the different layers. In the process of settling of the 
undissolved globulin in a test tube the concentration of the globulin 
increases in the various layers. 


From the law formulated above we should expect the amount of 


globulin dissolved in the various layers to increase at a rate cor- 
responding to its distance from the top of the liquid. To determine 
whether this was the case the following experiment was made. __ 
_ A suspension of globulin containing sodium chloride (5 °/,) was allowed to settle in a 
100 cylinder. 


When the settling was complete a series of 10 c.0.s of clear solution were syphoned off 
from different levels without allowing any mixing to take place. 


The following results were obtained : 
Layer Oy of solid 
1 top of cylinder ' 4°84 
485 
8 4°83 
£88 
4°86 
4:88 
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There is theréfore no indication that the percentage of oe in 
ool increases as we approach the undissolved globulin. ' | 


(d) The distribution of the tha 
dissolved globulin. In all the experiments previously described it has 
been assumed that the salt does not attach itself to any particular part 
of the system but is accurately distributed throughout the mixture. 
‘The following experiment was made to test this hypothesis. 

50 6.0. of globulin suspension NaCl were allowed to settle. The clear 
layer was then syphoned off. 


and the one containing the andissolved globulia—were 
lated and filtered. 


(1) 100.0. of the filtrate from the coagulated clear layer were dried and gently 


ashed. 
” ” B= 025 ” 
the weight of ash from A should ave been 0-05 gra. and from B gr. 


_ There is therefore no accumulation of salt in any part of the syetem 
whan it is added to a globulin suspension so as to partially dissolve it. . 


(e) The influence of the initial concentration of the added newiral 
salt. We have seen how the amount. of globulin dissolved by a given 
percentage of salt depends on_ the me of the original globulin 
suspension. | 

A further point to be settled is how far the quantity of globulin 
dissolved at any time depends on the concentration of the solvent salt 
added. Sodium chloride and water were added to a series of tubes each 
containing 5 c.c. of globulin suspension, so that in every case the final 
volume was 10 c.c. and the percentage of NaCl -4. The only difference 

was that the concentration of the added salt, and consequently the 
prt of added water, varied. 


The following results were obtained : 
suspension vaied NaCl added 100 c.c. clear co bd 

5 48. ‘20.0. of 20 %/, 1-93 grs. 

5 4°6 1°94 

5 42 1-96 

5 88 2-00 

5 1°95 

5 80 20 , 20 1-90 

5 \ 20 30 1:33 1°96 
5 1:0 40 =~, 10 1°90 
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It may be noticed that there are slight discrepancies in the various 
results obtained. But these are obviously due to experimental error. 
We may therefore conclude that the amount of globulin dissolved by 
any given percentage of salt does not — upon the concentration in 
which the salt is added. 


B. A comparison of the efficiencies of various neutral salts 
to produce the solution of globulin. 


From the conclusions arrived at in the previous pages it is probable — 


that purely physical forces are involved in the solution of globulin by 
neutral salts. To determine the nature of these physical forces and upon 
what they ultimately depend a number of comparable experiments were 
made with various neutral salts. 


(a) A comparison of sodium chloride, potassium chloride and 
ammonium chloride. A pure suspension of globulin was made and 
solubility curves for NaCl, KCL and AmCl at 20°C. were determined. 
The following results were obtained : 


42-7 85°7 
51°2 45 
NaCl 59°8 55-7 
5°85 %],=1000 
170 88 
85°3 91°5 
47-0 40°7 
465 
KCL 56-0 
7°45 °/,=1000 | 67°0 64-0 
7140 
80-6 840 
44-8 885 
52°38 40-2 
AmCl 51-2 
5°35 %,=1000 | 67-2 68-0 
14:8 
82-2 


The curves 5 expressing these results are given on Fig. 3. It may be 
noted that the curves for NaCl and KCL coincide and that the curve for 
Am(l is only a little higher at some points, 
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Fig. 3. Fig. 4. 
Fig. 8. Ordinates represent percentages of original globulin dissolved. In the abscissm, 
equivalent weights of the salts= 1000. 

© represent points on NaCl curve. 

@ represent points on KCl curve. 

x represent points on AmCl curve. 
Fig. Ordinates represent percentages In the abscisse, 
Ms equivalent weights of the salts= 1000. 
on © represent points on Na,SO, curve. 
By @ represent points on K,SO, curve. 

x represent points on Am,SO, curve. 


(6) A comparison of sodium sulphate, potassium sulphate and 
ammomum sulphate. The following results were obtained : 


Salt in terms of lo of original 


Ks eq. wt= 1000 dissolved 
33-8 43°5 
39°4 54:8 
N 68-0 
(568 84-0 
94°0 
27:6 86-5 
48°0 
52-0 
7 68°5 
PH. XXXII, 23 
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86-4 44-0 
42-5 58-0 
54:5 78°5 
60°5 82-0. 


The results are given graphically on Fig. 4. 

It may be noted that the Na,SO, and K,SO, curves coincide and that | 
the Am,SO, curve is only a little higher. . 

(c) A comparison of magnesium chloride, barium chloride and 
calciwm chloride. The following results were obtained : 


glovulin dissolved 
29°5 46°5 
54-0 
63-0 
4°75 °/,= 1000 68-0 
47-4 78:5 
52°6 
23°1 49-0 
80°8 50 
48°2 72°0 
48-6 865 
407 
28°8 
58-0 
5°55 | 36-0 62°9 
40°5 60-0 
45-0 920 


The curves are given on Fig. 5. 


(d) A comparison of barium chloride and. potassium. sulphate. 


Salt in terms of 0 
glcbulin dissolved 
238-1 
30°8 56:0 
34°6 616 
10°4°/,=1000 | 88-4 69-0 
48°6 86°5 
27°6 86°5 
32-2 48°0 
36°8 52-0 
8-7 4. 4000 4-8 
46°0 68°5 
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Fig. 5. ee Fig. 6. 
Fig. 5. Ordinates represent percentages of original globulin dissolved. eo 
equivalent weights of the salts = 1000. 
© represent points on MgCl, curve. 
@ represent points on BaCl, curve. 
x represent points on CaCl, curve. 
ie & Ordinates represent percentages of original globulin dissolved. In the abscas, 
equivalent weights of salts = 1000. 


Bal, points. 
x K,80, points. 
(¢) A comparison of ammonium sulphate ads magnesium sulphate, 
33-5 
60°5 80 
25-0 28-0 
29°1 41-0 
MgSO, | 83°3 47°7 
6°0 1000 87-1 
41-6 65-0 
(45-8 74°5 


_ The curves expressing these results are given on Fig. 7. 
The Experiments’ (a), (6), (c), (d@) were done.on the same sample of 
globulin — exactly similar conditions, Experiment (¢) was done at 
23—2 
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a later time. The results obtained may be compared with the results 
obtained for (a), (6), (c), (d) by means of Experiment (5). In these results — 
it may be seen that sodium chloride, potassium chloride, and ammonium 
chloride are equally effective in producing the solution of globulin, and 
that sodium sulphate, potassium sulphate, magnesium chloride, barium 
chloride and calcium chloride are also all equally effective, but that 
the efficiency of these salts is greater than that of the salts above. 

These facts may be stated more generally thus: | 

Neutral salts composed of two monovalent ions have the same 
efficiency in producing the solution of globulin. 

Neutral salts composed of a monovalent positive ion and a divalent 
negative ion, or of a divalent positive ion and a monovalent negative ion 
have the same efficiency in producing the solution of globulin. The 
salts of this latter class have a greater efficiency than those of the 
former. 

These facts are capable of a ready en if we assume 
that: 

(1) The solution of globulin by. neutral- salts depends upon the 
forces exerted by their free ions. 


(2) That monovalent ions whether pcnikive: or negative are equally 
effective in producing this solution. 


(3) That divalent ions whether positive or negative are equally 
effective in producing this solution but more so than monovalent ions. 
To determine the numerical relation between the efficiencies of 
monovalent and divalent ions we may compare — solu euity 
curves determined under the same conditions. 
It is evident that the area ABCD included between ee solubility 
curve ABC, the ordinate AD, and the abscissa DC, is inversely propor- 
tional to the efficiency of the salt in producing solution. By comparing 


these areas for different salts we obtain a-ratio of the efficiencies of 
monovalent and divalent ions. 


(f) A comparison of the area pluie, esti curve with that 
of the sodium sulphate curve (fig. 8). The areas were determined by 
means of a planimeter. 

NaCl curve=24°4 sq. inches=8 x 8°13 sq, inches, 
Na,8O, ,, =16°2 sq. inches=2x 8-1 sq. inches. 

Therefore the ratio of the efficiencies of equivalent weights of sodium 
chloride and sodium sulphate i is as two is to three. Or in terms of their 
molecular weights as two is to six. 
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(g) 4 of th ree of the ammonia od 
magnenum sulphate curves (Fig. 7). 


 Am,80, curve=19°6 sq. 
» =14°7 sq. inches=6 x 2°45 sq. inches, 


or Kq, wt. Am,S0, : Eq. wt. MgSO, :: 6: 8. 


Fig. 7. Fig. 8. 
Fig: 7. Ordinates represent percentages of original globulin dissolved. In abscisse, 
equivalent weights of salts = 1000. 
(a) Am,SO, curve, 
(b) MgSO, curve 
Fig. 8. Ordinates represent percentages of original globulin dissolved. In abscissa, 
equivalent weights of salts= 1000. 
(a) NaCl curve. 
(b) Na,SO, curve 
Now we know that the efficiencies of sodium chloride, einaiinasiiates 
chloride, and potassium chloride are the same: also that the efficiencies ~ 
of sodium. sulphate, potassium sulphate, barium chloride, magnesium — 
chloride, calcium chloride are the same. 
If we express these facts numerically in terms of the molecular 
weights of the salts we see that 
Efficiency NaCl = AmCl = KC1=2A (A is a constant). 
Efficiency Na,SO,= Am,S0,=K,SO,= MgCl, =BaCl, = CaCl, =6A. 
Efficiency MgSO,=4 Am,SO,=$ 6A=8A. 
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But we have determined that the efficiency of a salt is due to the 
summated efficiencies of its constituent ions; also that all monovalent 
ions whether positive or negative have the same efficiency, and that all | 
divalent ions whether positive or negative have the same efficiency. 

Therefore monovalent ions have an efficiency equal to A and divalent 
ions equal to 4A. 

Or the efficiency of a monovalent or divalent ion whether positive or 
negative for producing the solution of globulin is cases proportional 
to the square of its valency. 


In the above experiments the electrical charge on the ions has been 
the main subject of consideration. We have not considered differences 
in the velocities of the different ions—differences which are com- 
paratively small at the temperature at which the experiments were 
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Fig. 9. Fig. 10. 


Fig. 9. Ordinates represent quantities of NaCl. Equivalent weight (5°85 °/,)= 1000. 
Abscisse represent percentages of original globulin dissolved. 
In curve (a) temperature=1:-5° C. 
(b) temperature = 20-0° C. 
(ce) temperature=30-0° C. 
»»  (@) temperature=40-0° 0. 
»  (¢) temperature=50-0° C. 
Fig. 10. Ordinates represent temperatures. Abscissa 
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done, but which to some extent would account for the small discrepancies 
observed in the experimental results. | 

To determine the influence of the velocity of the ion the solubility 
curves for the solution of globulin by sodium chloride at various 


temperatures were determined. 


In a dilute solution of sodium chloride it is assumed that ionisation 
is practically complete and that increasing conductivity with increasing 
temperature is mainly due to the increased velocity of the ions. The 
results — are given below and are plotted on Fig. 9. 


eq) wt. (686 dissolved 
1368 785 


©. — 57°5 


_ The value of the vicina coefficient may be obtained by deter- 
mining the areas enclosed by the different temperature curves. These 
areas are inversely proportional to the efficiency of the salt at that 
temperature. If therefore we take the reciprocals of these area values 


| 
119-0 69-0 
680 87 
85-1 78 
766 66 
69°8 57 q 
20° C. 
596 46 4 
51-1 88°5 4 
42°6 26°5 
75°0 94°5 
68:0 66 
61°83 56 
30° C. 
54°5 45°5 
47°7 : 40°7 3 
41-0 4 
68-0 80 4 
| 61°8 69 
54°5 §4°5 
40° 
47°7 49 4 
410 61 4 
34-0 
61:3 16 
54°5 61 4 
610 57°5 4 
50° C. 
47°7 55 4 
41-0 47 
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we ge comparative values a the efficiency of the sodium chloride at 
that temperature. 


Temperature Reciprocal 
15°C. 20°8 048 
20° 136 073 
80° | 11°96 “088 
40° C, 108 092 
50° 0. 


The relation between the temperature and the reciprocal of the area 
is plotted on Fig. 10. We see that the temperature curve is approxi- 
mately a straight line and that the temperature coefficient is about two 
per cent. per degree starting from 0°C. In 50°C. starting from 0° C. 
the efficiency of the sodium chloride for producing the solution of 
- globulin has rather more than doubled. 

The electrical conductivity temperature coefficient for sodium chloride 
is also about two per cent. per degree, and since the increased con- 
ductivity with increase of temperature in dilute solutions is due to the 
increased velocity of the ions, we are justified in concluding that the 


solution of globulin by electrolytic 1 ions is see proportional to the 


velocity of the ions. | | 
D. 
and the globulin. 
It has already been stated that the salt does not accumulate in any 


part of a globulin salt system. If we take a solution of globulin in 
neutral salt and determine its electrical conductivity, we find that it is 


the same as a similar solution of salt in pure water; in fact, that so far — 


as the electrical nature of the ion is concerned ee | is no evidence of a 
close union with the proteid molecule. 


E. The theory of the mode of actién of andra} salts 


In the previous pages we have arrived at a number of facts regarding 
the solution of globulin by neutral salts. 


The chief of these, stated briefly, are :— 


1. The amount of globulin dissolved by a neutral salt ‘ioe upon 
the percentage present and not on the total quantity of salt. 


2. The amount of globulin dissolved by a given percentage of 


neutral salt is directly agin to the strength of the -— 


suspension of globulin. 
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_ 8 Solution of globulin by a neutral salt is due to its free ions. 
Ions with equal valencies, whether positive or negative, are equally 


- efficient, and the, efficiencies of ions of different valencies are directly 


proportional to the squares of their valencies. 


_ 4 The amount of globulin dissolved by a neutral salt is directly | 
proportional to the velocity of its free ions. | 


5. The relation between the electrolytic ion and the proteid 
molecule is not of such a nature as to diminish the electrical con- 
ductivity of the salt solution. 


These facts enable us to form a conception of the processes per 
in a salt globulin system. 

We may assume that the equilibrium of a globulin salt system is of. 
a dynamic nature—that the electrolytic ions are constantly in motion 
and the globulin molecules at rest, and that equilibrium is reached only 
when the same number ‘of globulin molecules are dissolved as are 
precipitated in each unit of time. Also we may assume that an ion is 
a centre of force and that this force is directly proportional to the 
valency of the ion. | 

Let a monovalent ion exert a force F’ at a distance X from the centre 
of the ion. 

An ion with a valeney “mn” will exert the same force at a distance 

For any | ion the area of the sphere within which the ionic force 
is greater or equal to F is 

If we now postulate that, when a molecule of globulin is subjected 
to an ionic force greater than or = to F it goes into solution we may 
deduce that :— 


(a) The amount of globulin dissolved is directly proportional to the 
strength of the suspension since in unit time a number of proteid 
molecules proportional to the strength of the suspension pass into the 
effective spheres of force of the ions. — 


(6) The solvent efficiency of an ion is directly proportional to the 
square of its valency since the area of the effective sphere of force is 
directly proportional to the square of its valency. 


(c). The amount of globulin dissolved is directly proportional to the 
velocity of the ion since the number of molecules of globulin which pass 
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into the effective sphere of force in unit time is directly proportional to 
the velocity of the ion. 

But there are some facts which prevent the entire acceptance of the 
theory of the dynamic nature of the equilibrium of a globulin salt 


The determination of the amount of globulin dissolved by any given 
percentage of salt was made by adding the salt to the globulin 
suspension and allowing the mixture to settle. On the dynamic theory 
the concentration of dissolved globulin should increase from the top to 
the bottom of the mixture. But this was found not to be the case—the 
amount of dissolved globulin in the various layers was constant. | 

Although therefore the original equilibrium to be attained must be — 
of a dynamic type, yet this must be particularly circumscribed and 
quickly take on a static form. In whatever way this stasis may arise 
the degree of fixation of the ions is not sufficiently great to prevent 
the free passage of an electric current—the conductivity of the salt 
solution is not altered by the presence of dissolved globulin within it. 
_ - There is also the observation that neutral salts are slightly more 

efficient in dissolving a given percentage of globulin when the 
strength of the original is small. This indicates a slight —, 
action of the — molecules on ionic movements. , 


2. THE PRECIPITATION OF GLOBULIN FROM SOLUTION 
| IN NEUTRAL SALTS. 


A By neutral salts. Some neutral salts, which, in small quantities 
dissolve globulin, in larger quantities precipitate it from solution. The 
neutral salts which are the most efficient precipitants of globulin are 
ammonium sulphate, magnesium sulphate, and sodium sulphate. These 
salts are all freely soluble in water and require to be added in large 
amounts to produce precipitation. 

But that the quantity of salt able to be diadeedi is not of importance 
is indicated by the fact that salts:such as magnesium chloride or calcium 
chloride can be added to a globulin solution in quantities many times 
equivalent to a precipitating amount of ammonium sulphate _—, 
producing any apparent change. 

When the percentage of salt in a precipitated globulin solution is 
diminished either by dilution with water or by filtering and adding 
water to the precipitate, resolution takes place, and the redissolved 
globulin has apparently all the properties of the original substance. 
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The solubility curves of the precipitate cannot be compared with 
those of the original substance since the salt clinging to it can be 
dialysed away only after a considerable time, and such a procedure alone 
alters the solubility properties. 

The quantitative precipitation of by ammonium 
and magnesium sulphate at constant volume and temperature was 
determined. A solution of globulin in the salt to be tested was made 
and additional salt was added to.a known number of cubic centimetres 
in a series of test tubes so that varying amounts of precipitate were 
produced. ‘The quantity of globulin not precipitated was determined by 


200 

11. In ordinates, equivalent weights of salts = 1000. Absoisem represent percentages 
Be. of original globulin dissolved. 

- (a) represents MgSO, solubility ourve. 

(a’) represents MgSO, precipitation curve. 
(b) represents Am,SO, solubility curve. — 
(b’) represents Am,SO, precipitation curve. 


big 
vel 
4000 
3 
oF 
36 
00 
3400 
+ ‘ 
32006 
3000 
200 
2600 
2400 
00 
22 
2000 i 
6) 4 
‘#00 
1600 4 
+400 
1200 
J 
60 | ; 
400 
i 
: 
a 


* 


358 | MELLANBY. 


coagulating and washing a known volume of. the filtrate, The solubili- 
ties of the globulin in these salts were determined ‘at the same time 
so that the solubility and precipitation curves are comparable. The 
results obtained are given numerically below and: cial on 
Fig. 11. 


(a) Magnesium sulphate and ammonium sulphate as selec and 
precipitants of globulin. Temperature. 20° C 


95 3-78 88:5 
4°55 
Bolvent 85 5-30 
“4 6-05 80-0 
166 252 68:5 
17°5 265 55:8 
183 278 46-7 
Précipitant 4 19°16 290 805 
200 303 218 
20°88 814 14-2 
21°8 880 0 
MgSO, 
15 2°50 28-0 
175 2-91 41-0 
8-88 47°7 
295 8-71 568 
25 4-16 
275 4°58 74:5 
156 264 85-0 
168 284 800 
18°1 * 805 71:0 
326 62-4 
846 
21:8 366 28-0 


There is no indication that globulin is suddenly and completely 
precipitated by a specific amount of ammonium sulphate or magnesium 
sulphate—the precipitation in each case extends over a definite range 
_ of salt concentrations. The precipitation curves of the two salts are of 
a regular form, and similar to one another. 

Amounts of ammonium sulphate are a little more effective as 
precipitants than equivalent quantities of magnesium sulphate. In the 
case of ammonium sulphate we see that complete solution of the 
globulin exists between 0°6°/, and 11°8°/, of salt; with magnesium 
sulphate between 0°3°/, and 126°/,. If we take the solubility and 
precipitation curves of ammonium sulphate we see that the range 
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during which precipitation takes place is about twenty-six times as 
large as that which suffices for complete solution. 

‘The influence of the concentration of the globulin on the precipita- 
tion curve was not determined. If the same law holds true for globulin 
as for albumen, then the more dilute the globulin solution, the less 
effective as a precipitant is any given percentage of salt. But this 
variation is small and requires albumen solutions of considerable 
strength to demonstrate it. 

There isa slight temperature coefficient—the higher the temperature 
the less effective any given percentage of salt is as a precipitant. 


Mode of action of neutral salts. The solution of globulin by a 
neutral salt depends upon forces exerted by its free ions. 

Precipitation, therefore, may depend upon the absence of free ions, 
or upon some other physical or chemical change in the system. 
Solutions of neutral salts which precipitate globulin are good con- 
ductors of electricity and consequently contain a large number of free 
ions. Therefore precipitation by these salts must be initiated by some 
other physical or chemical change. 

An hypothesis which is in accordance with experimental results is 
that precipitation depends upon a molecular combination between the 
salt and globulin, the compound so formed being stable only in excess of 
the combining salt. The idea of a molecular combination is suggested 
by the fact that the most effective precipitants are all sulphates. The 


character of the precipitated globulin and the observation that pre- 


cipitation takes place over a definite range of salt concentrations 
renders it necessary to assume that the molecular compound is easily 
dissociated when the excess of salt is removed. If a stable molecular 
compound were formed, then, when precipitation took place, the globulin | 
salt compound being removed from the sphere of action, the reaction 
should go on until a definite amount of globulin was precipitated by a 
definite amount of salt. 

The equilibrium in a precipitated globulin salt mixture must be 
between the salt globulin compound, the molecules of salt, and the free 
ions of the salt. The amount of salt combined with the globulin is 
probably a very small proportion of the total salt present. Otherwise 
the percentage amount: of globulin present would have a more marked 
influence on the precipitating efficiency of any given percentage of salt. 

The antagonistic actions of the salt’ molecules and ions affords a 
satisfactory explanation of the results stated above. Ammonium 
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sulphate, is a more effective precipitant than magnesium sulphate. 
On the other hand magnesium sulphate is a more effective solvent. 
Also the more concentrated a globulin solution the more effective any 
given percentage of salt is as a precipitant. The degree of concentration 
of the globulin affects the precipitating efficiency of any given quantity 


of salt in two. opposite ways—by combining with the salt and by 


diminishing the velocity of the ions in increasing concentrations, 


The first factor probably has very little influence—the amount of 


salt in actual combination being small—and being more than counter- 
acted by the effect the globulin has on the velocity of the ions. That 
globulin has some effect in diminishing the velocity of electrolytic ions 
bas been noted in the consideration of the solution of globulin, This 
increased precipitating efficiency of a given percentage*.of salt with 
increasing concentrations of globulin corresponds to the increased solvent 
efficiency with diminishing concentrations, and may be compared with 
the parallel phenomena of the solvent and precipjtating efficiencies of 
ammonium sulphate and magnesium sulphate. 

The diminished precipitating efficiency of any given percentage of 
salt with increased temperature is due to the increased temperature 
ionising more molecules and increasing the velocity of the ions. 

The argument in favour of a molecular combination of salt and 


globulin ouly stable in a large excess of salt is materially strengthened 


by a consideration of the phenomena observed in the ee of 
globulin by metallic salts. 


B. By salts of the heavy metals. Globulin is precipitated from 
solution in neutral salts by minute quantities of salts of the heavy 
metals. The precipitate so produced is only slightly soluble in neutral 
salts and requires acids or alkalies to adequately dissolve it. If coloured 
metallic salts be used, the precipitate has the characteristic colour of 
the precipitating salt, however long it may be washed. A quantitative 
determination of the precipitation of globulin dissolved in sodium 
chloride by zinc sulphate gave the following results. ! 

A solution of globulin in 6 °/, NaCl was made. 

5 ¢.c. of this were put into each of a series of test-tubes, and to these zine sulphate 


of precipitation. 

The precipitations were done at constant volume (10 ¢.c.), -6°/, NaCl being added to 
the required amount in every case. 

The solution of the zine sulphate in -6°/, NaCl is important; otherwise a considerable 
precipitation of globulin is produced by diminishing the original percentage of sodium 
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90195 15 85 
| 02 25 43 
H 2 From the above it may be seen that the statement that zinc 
Te sulphate is. comparable to ammonium sulphate as a precipitant for 
Ve proteids and is interchangeable with it in any precipitation is not true 
| for globulin. 
The precipitates produced i in the two cases differ widely in their 
properties. Also comparing the above table with that given for the 
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precipitation of globulin by ammonium sulphate we see that 0:005°/, 
ZnSO, is as effective a precipitant as 19 °/, Am,SO,. If we express this 
in terms of the equivalent weights of the two salts we find that about 
three thousand times as much ammonium sulphate as zinc sulphate is 
required to produce the same degree of precipitation. 

The quantitative precipitation of globulin dissolved in ‘6 °/, sodium 
chloride by copper sulphate was determined. The following results were 


obtained. 
6°25 182 
125 
18°75 
81°25 


The zine sulphate and copper sulphate curves are given on Fig. 12. 

To determine the influence of the solvent salt on the precipitation 
by salts of the heavy metals the quantitative precipitation of globulin 
dissolved in 2°7°/, NaCl was made. The following results were 


ZnSO, in terms of of 
terms 
eq. wt. = 100,000 globulin. pretipitated 
120 23 
810 85 
430 44 


The quantitative experiments given above were done on the same 
sample of globulin at the same time and may be compared with one 
another. 

The phenomena observed when globulin is precipitated from solution 
by salts of the heavy metals may be explained on the hypothesis which 
has been assumed to account for the facts observed in the precipitation 
of globulin by ammonium sulphate, sodium sulphate, and magnesium 
sulphate, the main difference being the degree of stability of the 
molecular compound formed. 

That a molecular compound is formed by the union of the pre- 
cipitating salt with the globulin is evident from the colour and solubility 
of the precipitate. That the formation of this compound depends upon 
an equilibrium being set up between the precipitating molecules and 
the ions of the solvent salt is evident from 


(a) The influence of the solvent salt on ee precipitating 
efficiency of the metallic salt—an increase of the solvent salt from 


‘6 °/, NaCl to 2°7°/, NaCl demands an increase of zinc — to ten 
times its previous amount. 
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(b) The existence of the precipitating salt in the filtrate showieg 
that it is not all combined with the precipitated globulin. ) 


(c) Copper sulphate being a more efficient precipitant apes zinc 
sulphate although comparable to it in order of magnitude. 


It may be noted in the curves for the precipitation of globulin by 
zinc sulphate and copper sulphate that at first the amount of precipitate 
produced is directly proportional to the amount of salt added. With 
larger quantities of salt this does not hold true—the curve bends round, 
showing that the additivnal salt is less efficient than the first quantity. 


_ This may depend on the presence of free ions in the precipitating salt 


assisting the ions of the solvent salt. 
In the zinc sulphate experiment given above it was found that:— — 


-005 grs. of zine sulphate precipitated “3 grs. of globulin, or at the beginning of 


005 grs. ZnSO, = °8 grs. globulin. 


If we assume that a molecule of zinc sulphate combines with a 
molecule of proteid and that at the beginning of precipitation all the 
salt is combined the molecular weight of the globulin works out to be 
about 10,000, 


3. THE SOLUTION OF GLOBULIN BY ACIDS AND ALKALIES, 


Hardy has drawn attention to the precipitation of globulin dissolved 
in acids and alkalies by traces of neutral salts. The determination of 
the solubility of globulin in these solvents requires therefore a salt-free 
preparation. Globulin was prepared in the way previously described 
and was thoroughly washed by repeated suspension in water and 
filtration. By this method globulin suspended in water free from salt 
was obtained, : 

But that the globulin so prepared was associated with traces of salt 
is evident from the following facts. (a) A specimen free from ash was 
never obtained. (b) If a suspension of globulin were boiled and so 
coagulated it was found that the conductivity of the solution had 
appreciably increased after cooling to the original temperature. 

The increase in conductivity was not due to the coagulation of the 
particles of globulin since it has been shown that these particles do not 
interfere with the free movement of electrolytic ions. The increase in 
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conductivity must have been due to the liberation of salt molecules 
when the globulin was coagulated. 


(c) If acid or alkali were added to a suspension of globulin a clear 
solution was first obtained which in a variable space of time deposited 
a precipitate. This precipitate could be redissolved by adding an 
additional quantity of solvent. 

It is. probable that the association of traces of salt with globulin is of 
the nature of a molecular combination and that this combination is 
broken down when the proteid i is coagulated or is dissolved in acids or 
alkalies. — 

The association of salt with globulin makes the determination of its 
properties when dissolved in acids or alkalies difficult. But since the 
solution of globulin, when in a fresh state of suspension, by acids or 
alkalies is practically instantaneous, and precipitation of the solution so _ 
obtained by salts requires a definite space of time, an approximate 
_ determination of its solubility in these solvents is possible. 

In determining the comparative efficiencies of acids and alkalies 
very intimate suspensions of globulin in pure water were used, and for 
each acid or alkali several determinations were made. Aivpraxininte . 
quantities of solvent required to dissolve a given amount of globulin 
were determined and then the final experiments were made in which 
the addition of the solvent was made in the shortest possible time. 
In this way the error introduced by reprecipitation of the giowalin was 
reduced to a minimum. 

As illustrating the necessity of determining the solubility of globulin 
in acids or alkalies in this way it may be stated that in a few minutes 
after complete solution of the globulin with a minimum quantity of 
solvent, a large quantity of globulin was reprecipitated and this 
reprecipitated proteid required a considerable additional amount of 
solvent to redissolve it. 

The determination of the solubility of globulin in acids and alkalies 
was made by finding what quantity of solvent was required to dissolve 


(a). A given amount of globulin when suspended in variable 
quantities of water. 


(b) Variable amounts of globulin when suspended in the same 
quantity of water. 


It was found that for any one specimen & given waeeilin of globulin 
| — required the same amount of acid or alkali to dissolve it, and 
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that the quantity dissolved by a given amount of acid: or alkali was 


independent of the strength of the original globulin suspension. 
It was also found that there was no temperature coefficient— 


a given quantity of globulin required the same amount of acid or alkali 
to dissolve it whatever the temperature. 


These two facts—the law of definite proportion between the solvent 


and globulin and the absence of a temperature coefficient— indicate that 


the solution of globulin by acids and alkalies is of the nature of a 
chemical combination. 

The determination of the relative efficiencies of acids and alkalies 
for producing solution of globulin gave the following results in two 
separate experiments. 


(a) grs. of globulin were dissolved by 4°5 H,SO, ax 

gre. of globulin were dissolved by 8°5 c.0. H,S0, ay 


If we compare the efficiencies of the acids and alkalies in the 


. experiments (a) and (6), taking the efficiency of hydrochloric as 100, we 


get: 
(a) Efficiency (0) Efficiency 
HCL = 100 
HS0, 71 HSQ, 
NaOH 110 NaOH ~ 118 | 
KOH 110 KOH 


That is the relative efficiencies of these solvents were about the same 
in the two experiments. 


If we determine in each case the weight of globulin dissolved by a 


gram equivalent of hydrochloric acid we get the following results. 


(a) Gram equivalent of HC1=10500 grs. of globulin, 
(0) 9 ” = 7440 ,, 


From this we see that although the relative solvent efficiencies of 
the acids and alkalies used were the same in the two experiments, yet 


‘the weights of globulin dissolved by a gram equivalent of hydrochloric 


acid were widely different—indicating that in different animals of the 
24—2 
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same species a wide difference in the size of the molecule - 4 possible, 
although the constitutional type remains the same. 
It may also be noticed that alkalies are more efficient solvents than 

acids, pointing to a more strongly marked acidic nature of globulin. 
If we compare the relative efficiencies of the two acids and the two 
alkalies above we see that their efficiencies are of the same order as 
their relative avidities. This might have been anticipated from the 
chemical nature of globulin when suspended in water—its capacity to 
act as an acid or base. The avidity hypothesis is further supported by 
the fact that ‘nitric acid has approximately the same efficiency as 
hydrochloric acid. But it is not supported by the relative efficiencies 
of organic acids such as acetic acid, oxalic and citric. If we take the 
efficiency of hydrochloric acid as a hundred these acids have an efficiency 
between thirty and forty. Their avidities are about 1°/, of that of 
hydrochloric acid. | 


4. THE PRECIPITATION OF GLOBULIN DISSOLVED IN ACIDS AND 
ALKALIES BY NEUTRAL SALTS. _ 

The precipitation of globulin dissolved in acids and alkalies has 
been worked out by Hardy’. He states that the active precipitating 
ion is of opposite electric sign to that of the colloid particles and that 
the amount of: salt required to precipitate is a logarithmic function of 
the valency of the active ion. He has not, as yet, published the details 
of his experiments. 

An attempt was made to verify those laws. The chief difficulty 
which prevented accurate results from being obtained was the repre- 
cipitation of the globulin when dissolved in a minimal quantity of acid 
or alkali. This difficulty could be partially overcome by adding an 
excess of acid or alkali, but the criticism then remained that the 
conditions of the experiment were not known. 

Also when an excess of acid or alkali was used to dissolve the 
globulin and prevent subsequent precipitation on adding neutral salts 
and allowing to stand, the precipitate. produced only settled in those 
tubes in which precipitation was practically complete. Filtration was 
impossible since it may be assumed that the acid globulin salt system 
enters into a condition of dynamic equilibrium, and removal of the 
precipitated globulin upsets this state. Consequently only end points 
could be obtained, These factors effectively prevented accurate pre- 


1 This Journal, xxrv. pp. 158, 288. 1899. 
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cipitation curves of globulin dissolved in acid or alkalies by various 
neutral salts from being obtained. 


From a series of experiments the following results were obtained. 

(1) When globulin was dissolved in alkalies, magnesium chloride 
and magnesium sulphate were more efficient precipitants than potassium 
chloride and potassium sulphate. 

(2) When globulin was dissolved in acids, potassium sulphate and 
magnesium sulphate were more efficient precipitants than ee 
chloride and magnesium chloride. 

(3) To produce equal degrees of precipitation the more efficient | 
salt had to be added in quantity ssc to about one-tenth of that of the 
less efficient. 

If we analyse the above a we see that in these particular 
experiments the most efficient precipitating ion of globulin dissolved in 
alkalies is magnesium—a divalent positive ion; and of globulin dissolved 
in acids is the sulphate—a divalent negative ion. 

In alkaline solution the globulin is electrically negative : in acidic 


solution electrically positive. And therefore in this experiment the — 


more effective precipitating ion of the neutral salt had an opposite 
electric sign to that of the colloid particles. This is a particular jnstance 


of a portion of Hardy’s general law’. 


In Hardy’s general law no mention is made of the part played by 
the ions of the solvent otherwise than by determining the charge on the 
colloid particles. In the precipitation the character of the solvent has 
a marked influence in determining the velocity of precipitation. With 
sulphuric acid the velocity of precipitation is much more rapid than 
with hydrochloric acid, whatever the nature of the precipitating salt. 


_ Also precipitation is much slower from alkaline than from acidic 


solution. The ultimate amount of precipitation appears to be indepen- 
dent of the velocity. 

The physical characters of the globulin are not materially altered by - 
solution in acids or alkalies and subsequent reprecipitation by neutra- 
lisation or by adding neutral salts. These reprecipitated globulins 
have the same solubility curves in neutral salts as the original substance. 


‘These processes, therefore, do not involve any marked change in the 


proteid molecule. 

An attempt to determine the relation between globulin dissolved 
in acids and alkalies and neutral salts was made by working in the 
reverse direction, From an @ priori point of view it seemed legitimate 


This Journal, xxtv. p. 181. 
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to assume that if globulin dissolved in acid or alkali is precipitated by 
neutral salts, then globulin dissolved in neutral salts ought to be pre- 
cipitated by acids and alkalies. That this assumption is incorrect is 
indicated by the fact that globulin dissolved in neutral salts is only 

partially precipitated by acids and not by alkalies. 


5. THE PRECIPITATION OF GLOBULIN DISSOLVED IN 
NEUTRAL SALTS BY ACIDS. 


The precipitation of globulin from solution in neutral salts by various 
acids was determined. For a known concentration of globulin suspension 
18 7 
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Fig. 13. Fig. 14. Fig. 15. 
represent quantities of acid. 75 X acid=10. Globulin dissolved in *5°/, NaCl. 
© HCl precipitation points. 
+ *H,S0, precipitation points. 
Fig. 14. Ordinates senrenne percentages of globulin precipitated. Minin represent 
quantities of acid. im acid =10, Globulin dissolved in ‘5 */, Na,SO,. 
© HCl precipitation points. 
+ H,80, precipitation points, 
quantities of acid. in acid = 10. 
Globulin dissolved in -3°/, MgSO,: @ HC! precipitation points (upper curve). 
Globulin di i: . © HCl precipitation points (lower curve). 
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saturated solutions of globulin in 3°/, MgSO,, ‘3°/, MgCl,, °5 °/, Na,SO,, 
‘5 °/>NaCl were made, To these solutions sufficient original salt was 
added to double the percentage, so that on adding water and acid to 
double the volume the original percentage of salt was obtained. This 
addition of salt is important to eliminate the precipitation error intro- 
duced by diminution of the percentage of salt _ acid and water are 
added to constant volume. 

The precipitations of the globulin dissolved in each salt by hydro- 
chloric and sulphuric acids were worked out. The results are sum- 
marised below and are given grapatcady on Figs. 13, 14, 15. 


Globulin in “5 °/, Nacl 


8 8 5 3-22 
5 15 7-25 
10 10°06 10 9°7 
2°0 14°95 2°0 149 
HO! 130 188 480 18-7 
40 10°85 8°5 129 
160. 8°05 49... «106 
6°0 4°02 50 7°25 


70 


— 
16 0 4-49 

5° 

9 4°65 3 6°52 

zo 98 H,80, {5 
~ 28 

MgCl, 

5 1-47 q 

1 2-92 HS0, {2 

H 
Cl 55 3 5°84 

4 7-32 8°5. 6°58 3 

Ho 66 H,s0, |*° 

6 4-02 

MgSO, "/ 
2 13°6 

3 17-1 

4 15°6 

+5 150 
14-0 

8 8°95 q 


870 J. MELLANBY. 


~ From these results the following conclusions may be drawn. 

(a) Precipitation by acids of globulin dissolved in salts is never 
complete. 

(b) For the precipitation of globulin dissolved in any given salt 
hydrochloric acid has the same emesency t as sulphuric acid when equi- 
valent quantities are compared. 

(c) The amount of acid precipitation and its limits | are not widely 
different for different salts. 


(d) Quantities of acid which produce a maximal precipitation are 
comparable to the quantities that would be required to dissolve the 
original globulin. 

These facts are difficult to explain on any simple hypothesis. That — 
precipitation is due to an antagonism between the ions of the neutral 
salt and those of the acid is evident from the observations that increase 
of temperature or increase in the original percentage of salt to about 
double its amount entirely prevents precipitation. 
| But that the degree of antagonism is actively controlled by the 

amount of globulin present is apparent from the quantitative relations 
of the amount of acid required to produce maximum precipitation. 


6. APPENDIX. 

The solubility in neutral salts of globulin obtained from one horse 
affords strong evidence of the physical identity of the preparation used. 
This evidence is strengthened by a neutral salt fractionation of a pre- 
paration of globulin. The solubility curves obtained from the different 
fractions are identical. 

But that the physical properties of preparations of globulin otdained 
from different horses differ in degree though not in kind is indicated by 
the fact that the solubility curves of different preparations do not 
coinvide. The differences are usually too great to be accounted for by 
differences in preliminary treatment, although contact with pure water 
is found to have some influence on the solubility of the specimen. — 
The different equivalent weights obtained from a determination of the 
solubilities of different specimens of globulin in acids and alkalies 
affords evidence of a variable molecular mass, These differences in 
molecular weight have been suggested to be due to associated nucleo- 
proteid. But from the method of preparation described above it is 
improbable that ere is associated with the final product. 
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The fibrinogen obtained from plasma by dilution with water and — 


: neutralisation with acetic acid is associated with this substance. But 


the subsequent treatment involving solution in neutral salt and 
coagulation will remove this undissolved nucleo-proteid moiety. Also 
the final product besides being readily soluble in neutral salts is 
completely, dissolved by both acids and alkalies. , 

The different phenomena displayed by globulin when dissolved 
in neutral salts, acids or alkalies limit the number of experiments 
which may be made to definitely illustrate any one property. 

Thus the determination of the solubility of globulin in a neutral 
salt demands that the salt used should belong to the alkali or alkaline 
earth group and be perfectly stable and fully dissociated in dilute 
aqueous solution. The consideration of the solution of globulin by salts 
of potassium illustrates these necessities. The following results give 
the solubility of a globulin preparation in KCl, KBr, KI, KA, KS0,. 
These results are depicted graphically in Fig. 16. 


in 
53-6 83-7 
67-1 46-5 42-0 87°5. 
1-454, {788 59 47-0 
80-6 71 16-6 °/,= 1000 54-0 61-0 
87°5 ere 67°5 
63-0 74:0 
40-8 50 7919 55°5 
618 . 67 9°8 1000 202°0 65:0 
8-7 1000 79 100 119-0 71-0 
63-2 122-0 78-0 
50°83 87-0 
59-0 46-5 
KBr 67°2 60°0 
11°9 %/,=1000 \ 71:3 72-0 
15°5 
84-0 91-0 


It may be noted that the curves for KCl and K,SO, are related 
to one another according to the ionic law of valency stated above 
but that the curves for KCl, KBr, KI, and KA do not coincide. 
KBr is a more efficient solvent than KCl and KI more so than KBr, 
as has been already pointed out by Osborne’; KA is less efficient 
than KCl. 


1 Amer. Journ. Physiol. xv. 1905. 
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~The increased efficiencies of KBr and KI are due to the hydrolysis 
of these substances in dilute aqueous solution, A very small amount 
of chemical change in substances composed of a weak acidic and 
a strong basic ion readily produces an increased solvent efficiency. 
The relative efficiencies of KBr and KI are in the same order as their 
chemical stability in aqueous solution. | 


ed ce 


0 1 2 30 46 50 60 7° 80 90 100 110 120 130 M0 150 


Fig. 16, Ordinates represent percentages of globulin cannes, In abscissm, equiva- 
lent weights of salts= 1000. 


a KA curve, b KCl curve, ¢ KBr curve, d KI curve, ¢ K,80, curve, 


The decreased solvent efficiency of potassium acetate is due to its 
incomplete ionisation in aqueous solution. | 
The postulate that the neutral salts used must be perfectly 
stable and fully ionised in aqueous solution prevents the experimental — 
demonstration of the ionic law with salts containing trivalent radicals. 
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The experimental work described above has involved many quan- 
titative determinations. In this work I have received great assistance 
from Mr A. J. Ewins. 

My thanks are due to Dr W. Dowson for the many facilities and 


opportunities which he has afforded me during - progress of this 
work. 


SuMMARY. 


I. Solution of globuliu by a neutral salt is due to forces exerted by 
its free ions. Ions with equal valencies, whether positive or negative, 
are equally efficient, and the efficiencies of ions of different valencies are 
directly proportional to the squares of their valencies. 


II. The amount of globulin dissolved by a given percentage of 


neutral salt is directly proportional to the strength of the original 
globulin suspension. 


III. The precipitation of globulin from solution in neutral salts by 
neutral salts depends upon a molecular combination between the salt 
and globulin, the compound so formed being stable only in excess of the 
combining salt. Precipitation by salts of the heavy metals depends upon 
the formation of a stable salt globulin compound. 


IV. Solution of globulin by acids or alkalies is of the nature of a 
chemical combination. The relative solvent efficiencies of strong acids 
and alkalies are of the same order as their chemical avidities. 
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ON THE REACTION OF CELLS AND OF NERVE- 
ENDINGS TO CERTAIN POISONS, CHIEFLY AS 
REGARDS THE REACTION OF STRIATED MUSCLE 
TO NICOTINE AND TO CURARI. By J. N. LANGLEY, 
Professor of Physiology in the Unwersity of Cambridge. (Eight 
Figures in the Text.) 


(From the Physiological Laboratory, Cambridge.) 
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I. INTRODUCTION. 


In a former paper! I showed that nicotine stimulates sympathetic nerve 
cells by a direct action upon them, and I gave reasons for thinking that 
it does not stimulate pre-ganglionic nerve-endings. I showed also that 
nicotine can paralyse nerve cells as regards stimulation by nicotine, but 
I pointed out that the cells might still be excitable by other stimuli 
and retain some of their functions. 3 | 

It had been shown in 1889 by Lewandowsky? that suprarenal 
extract had its usual stimulating action upon the iris, eye, and nictitating 
membrane three weeks after extirpation of the superior cervical ganglion. 
In consequence, he considered that the extract acted on the muscle and 
not on the nerve-endings. 


This observation was confirmed by myself *, and to the effects produced 


1 Langley. This Journal, xxvm. p. 224. 1901. The possibility that nerve cells may 
still be capable of stimulation after paralysis by a poison, I had mentioned earlier in 
discussing the action of nicotine on the sub-maxillary ganglion. (This Journal, x1 
p. 147. 1890.) 

* Lewandowsky. Arch. f. (Anat. u.) Physiol. p. 860. 1899. 

Langley. This Journal, xxvii. p. 287. 1901. 
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after degeneration of the post-ganglionic fibres were added secretion of 
saliva, contraction of the blood vessels of the sub-maxillary gland, and 
erection of hairs. I found that the extract had a specific relation to 
the sympathetic nerves, inasmuch as its effects were, with one or 
two doubtful exceptions, such as are produced by stimulating these 
nerves, and not such as are produced by stimulating cranial or sacral 
autonomic nerves. This seemed to imply an action on sympathetic 
nerve-endings, but in view of the production of the above-mentioned 
effects after degeneration of the nerves, I concluded as in the case of 
the action of nicotine on nerve cells that the action was direct on the 
tissues. I pointed out also that adrenalin had a very slight. effect on 
some unstriated muscle innervated by the sympathetic, and that on 
other unstriated muscle it had no effect at all, so that on the view of its 
direct action there must be intrinsic differences between different 
unstriated muscle. 

Dixon' found that large doses of apocodeine seliind.: most post- 
ganglionic nerve-endings, and abolished the action of adrenalin, although 
the blood vessels of the intestine still contracted on injettion of barium ~ 
chloride. Similarly Brodie and Dixon? found in perfusion experiments 
on the limbs, kidney, and intestines that a certain amount of apocodeine 
abolished the vascular constricting action of adrenalin without abolish- 
ing the constricting action of barium chloride. They urged therefore 
that adrenalin must affect the nerve-endings and not the muscle. 

_- These observations—so far as the point at issue is concerned—seem 
to me of the same nature as that mentioned above on the different 
effects of adrenalin on different unstriated muscle. Since adrenalin 
stimulates some unstriated muscle strongly, some little, and some not at 
all, it follows that adrenalin does not stimulate contractile substance 
qué contractile substance, and it suggests that the action of adrenalin 


depends upon the presence in the muscle protoplasm of some substance 


which is not contractile substance. 

The observations on the effect of apocodeine do not distinguish 
between the opposed views of the action of adrenalin, viz., whether it 
acts directly on muscle or whether it acts on nerve-endings, but they 
tend to distinguish between two possible forms of the view of direct 
action. The intrinsic differences in muscle might be referred to differ- 


ences in the contractile substance, or to differences in accessory proto- 


plasmic substances. On the supposition that barium chloride does 


1 Dixon. This Journal, xxx. p. 97. 1904. 
* Brodie and Dixon. This Journal, xxx. p. 476. 1904. 
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not turn the apocodeine out of its combination, and that it causes — 


contraction in all unstriated muscle in vertebrates, the observations 
show that the intrinsic differences lie not in contractile substance but 
in accessory protoplasmic substances. | 

A second point urged by Brodie-and Dixon in favour of the view 
that adrenalin acts upon nerve-endings is the parallelism in the effects 


produced by injecting adrenalin and of stimulating the sympathetic — 
nerves. They give further instances of the rule that the effect which 


adrenalin produces in each tissue is within narrow limits the same as 
that produced by stimulating the sympathetic, and they showed that in 
perfusion experiments through the lung, neither stimulation of the 
sympathetic nerves nor injection of adrenalin causes contraction of the 
‘blood vessels. Whilst admitting the weight to be attached to this 
argument—as I admitted it in my paper in adrenalin—I do not regard 
it as conclusive. And the view is less simple than at first sight it seems, 
for adrenalin has very little action in some cases in which the sympa- 


thetic nerves have a powerful action. If then adrenalin acts on — 


sympathetic nerve-endings there must be intrinsic differences in the 
nerve-endings, so that this theory does but transfer the difficulty felt 
about the existence of intrinsic differences in similar cells 1 in different 
 Yegions from muscle to nerve-endings’. 

In my opinion the only conclusive evidence is to observe the effect 
of adrenalin on the unstriated muscle after all the nerve tissue in it has 
degenerated. As mentioned above Lewandowsky and myself found 
that the action of adrenalin persisted at a time when (we considered) 
the nerve-endings had degenerated. In order to account for this fact 
Brodie and Dixon make two suggestions. First, that the time allowed 
for degeneration in our experiments was insufficient, and secondly that 


the nerve-ending is not necessarily a part either of the muscle or the — 


nerve fibre, but a connecting link between them. With regard to the 


first point, it is unnecessary to give the arguments which lead me to — 


believe that in the cases in question the nerve-endings cease to be 
irritable in less than seven days, since Elliott? has found the reaction 
of the iris to adrenalin ten months after removal of the superior cervical 
ganglion, and I have found the usual head effects of adrenalin fourteen 
and : a half months after extirpation of the superior cervical page: | 


a ‘he mata of the ation of ater, p40 nd 
2 Elliott. p, 401. 1905. 
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The experiment was as follows :— 

ether. Fourteen and a half months later (Nov. 1, 1901), left pupil was still smaller 
than the right, the difference was marked when the right pupil was large, but slight only 
when it was small; the left nictitating membrane and eyelids showed slight signs of 
paralysis. The left ear vessels were moderately contracted, they did not dilate, as did 
those of the right ear, when the animal ran about. The colour of the nose and lips was 
the same as the two sides. 

The actual production of anwsthesia by chloroform did not cause reversal in the size of 
the pupils; the pupils dilated at first and then became moderately contracted ; but a short 

time after complete anzsthesia the left pupil became larger than the right, and for the 
cal part remained so, sometimes it was very much larger, sometimes only slightly or not 


_ perceptibly. Similar reversal occurred in the nictitating membrane and eyelids. 


Some connective tissue occupied the place of the left superior cervical ganglion; 
stimulation of the cervical sympathetic had no effect, the post-ganglionic strands of the 
ganglion were isolated and stimulated, these also had no trace of effect on the pupil, 
nictitating membrane, eyelids, vessels of ear, and hairs of face area. 
- ‘The sclerotic of the left eye was exposed and stimulated,—there was marked local 
contraction of the sphincter but no trace of dilatation. Stimulation of the sclerotic of 
the right eye at once caused marked local dilatation, as well as contraction. 

8 cc. of the suprarenal extract, T. 1 in 6, described in my Paper on “ Adrenalin,” 
were injected. The effects were : 

Great dilation of left pupil, followed by moderate dilation of right. 

Left eyelids wide open, and nict. memb. retracted ; similar but less effect on the 
right. 

Ears became pale, the relative effect was not observed. 

Two drops of saliva from the submaxillary gland, 

Three minutes after the injection, the left pupil began to decrease, the right was 
already small. There was still some secretion from the submaxillary gland. 

Stimulation of the submaxillary gland artery had no effect, the chorda tympani at 
once caused secretion. 

_ The left tympanic bulla was broken through and strong currents applied to the region 
overlying the anterior post-ganglionic sympathetic fibres—no sympathetic effect was 
obtained. 

A similar result as regards the iris, I obtained in another experiment in which the 
superior cervical ganglion had been removed for 64 months. 


The first suggestion then can, I think, be definitely put on one side. 
And if the action of adrenalin is not on nerve-endings in the case of 
the tissues innervated by the superior cervical ganglion, it is, I think, 
practically certain that its action is not on nerve-endings in the case of 
other tissues innervated by sympathetic ganglia. There is in fact more 
or less decisive evidence in other cases. Thus Brodie and Dixon 
(op. cit.) found that three months after section of the great majority of 
the vaso-motor nerves to the hind limb (section of the crural and sciatic 
nerves) adrenalin caused contraction of the vessels in the perfused limb. _ 
And Elliott (op. cit.) has obtained adrenalin action on the blood vessels — 
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of the intestine, on the bladder, and on the retractor penis after 
degenerative section of the sympathetic nerves supplying them. Lastly 
Magnus and myself*found that adrenalin and other substances had 
their usual effect on the small intestine after nearly complete (in the 
ileum probably complete) degenerative section of the intestinal nerves. 

- The second suggestion of Brodie and Dixon is somewhat vague 
since it is not clear what is meant by saying that the connecting link is 
not necessarily a part of either nerve or unstriated muscle. The phrase 
seems to imply a structure which has a vitality independent of both. 


Histologically no’ such structure exists. On the other hand the phrase 


may mean that the connecting link is part both of muscle and nerve 
and can be kept alive by either. This view assumes continuity between 
‘nerve and muscle. So far as I know there is no evidence that in cells 
which certainly unite, any substance exists which is special to the point 
of union and can be kept alive by either-cell, Such a view should, I 
think, be taken only as a last resort. In the case of nerve and 
unstriated muscle, we are not driven to this, for since the connecting 
link does not degenerate on nerve section, the obvious conclusion is 
that it is part of the unstriated muscle. 

It must however be noticed that a connecting link of a different 
kind from that contemplated by Brodie and Dixon may be present in 
the ‘terminal network’ described by Bethe* and others. Bethe 
considers that the small cells on this network are nerve cells, and that 
the network has a vitality independent of the nerve fibres running to it. 
On this view the nerve-endings in the unstriated muscle would not 
degenerate on extirpation of the sympathetic ganglia. For my part I 
take the cells to be connective tissue cells and believe that the nervous 
portion of the network (or plexus) degenerates on section of the fibres 
running to it. At present however there is not conclusive proof of this 
degeneration, though some evidence has been given by Fletcher*. 


Elliott brings forward further and most striking evidence that 


adrenalin stimulates tissues which are stimulated by sympathetic nerves 
and these only. This leads him to look on adrenalin as acting on some 
substance common to sympathetic nerves. He finds, however, that 
degeneration of the nerves does not diminish the action of adrenalin, 
and as he considers that the axon endings degenerate, the substance 
affected by adrenalin must be in trophic connection with the muscle. 


i Langley and Magnus. This Journal, xxxur. p. 47. 1905. 
* Bethe. Allg. Anat. u. Physiol. d. Nervensystems, (Leipzig) p. 78. 1908. 
* Fletcher. Proc. Physiol. Soc, xxxvu. 1898. (This Journal, xxu.) 
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_ This as I have pointed out above is, I think, the same as saying: that 
it is part of the muscle: But in view of the close relation of adrenalin 
to sympathetic nerves, and because he considers it improbable that the 
varying action of adrenalin can be due to intrinsic differences in the © 
muscle, he concludes that when sympathetic nerves unite with unstri- 
ated muscle they cause the formation in it of a new substance, the 
myo-neural junction, and it is this which is acted upon by adrenalin. — 

Now supposing that nervous connection does cause in the muscle 
the formation of a new substance, this does not make the new substance 
any the less part of the muscle. The fundamental fact of Elliott’s 
view is then, I think, the same as mine, viz. that adrenalin acts directly 
on muscle. It goes a step farther in localising the muscle substance 
acted on to the immediate neighbourhood of the nerve ending. And it 
differs from my view in considering that the muscle substance acted on 
is not an intrinsic part of the muscle cell but a part developed in it in 
consequence of nerve union. These questions I shall consider later. 
For the present I am only concerned with the evidence that various 
substances act directly on peripheral cells,and not on the nerve fibres 
ending in them. 

It; was noted by Anderson and myself? incidentally to other work, 
that pilocarpine caused secretion in the pads of the cat's feet six weeks 
after removal of a portion of the sciatic nerve and when — of 
the nerve had not taken place. 

Lastly it has been shown by Anderson? that after removal of the 
ciliary ganglion pilocarpine still causes contraction of the pupil and that 
this constriction is prevented by atropine. After atropine, the sphincter 
of the iris is still capable of contraction; consequently he concludes that 
_ both atropine and pilocarpine act on some substance of the unstriated 
muscle and not on the axon-endings, nor on the contractile substance. 

From the above account it is clear that there is good evidence that 
certain poisons produce their normal effects on nerve cells, on unstriated 
muscle, and on glands after degeneration of the nerve fibres which run 
to them. In the case of the nerve cells there is no question of any 
cellular element intervening between the nerve fibres and the nerve 
cells. In the case of unstriated muscle and glands such cells are, it is_ 
true, said to exist, but the evidence for their existence is not generally 

There is then more or less satisfactory evidence that the substance 

1 Langley and Kidéxeca. This Journal, xxx1. p. 428. 1904. | 
® Anderson. Proc. Physiol, Soc. p, xlix. 1905. (This Journal, xxx.) 
PH, XXXII. ; 25 


q 
4 
4 
4 
‘ 
i 
f 
4 
- 
‘a! 


on ‘which a number of poisons act is part of the peripheral cells. It 


seemed to me eminently desirable to test this question on some other 


tissue. ' This I have done on striated muscle. 


Tem action or NICOTINE AND CURARI UPON SOMATIC 
NERVE-ENDINGS AND UPON SKELETAL MUSCLE. 


‘The stimulating action of nicotine on certain muscles of the fowl. 


' In a former paper’ I stated that the muscular contraction known to. 


be produced in the fowl by nicotine appeared to me to be chiefly due to 
a stimulation of the nerve-endings. This observation I have followed 


up since it suggested a further means of investigating the nature 


of nerve-endings. 


If a small dose of nicotine as 05 to 1 mgrm. is injected into the | 


imal vein of an anesthetized fowl, lying on its back and unfastened, 
the legs are slowly and gradually extended and pass into a state of more 
or less marked tonic rigidity. They remain extended without support 


for a varying time—usually 8 to 12 minutes,—when they slowly relax — 


and sink. The neck and head are drawn towards the thorax; but 
I have not noticed any marked rigidity of the neck. The wings are 
slightly, but only slightly, drawn towards the thorax, they do not 
become rigid, and can throughout be easily moved passively in any 


direction.. The respiration: ceases for a time, possibly in consequence — 


of rigidity of some of the respiratory muscles. In consequence of this, 
dyspnoea occurs, if artificial respiration is not kept up, and may cause 
movements, especially of the wings. Usually after a short pause there 


are respirations which gradually resume the normal rhythm. But the 


respiration may be insufficient in the early stages and lead to death. 


The dose will also cause opening of the eye and movement of the — 


feathers. 


_ The minimal dose required to produce an appreciable effect. was 
usually in my experiments about 0°2 mgrm. But the minimal effective 
dose, and the dose required to produce marked rigidity in the legs, vary _ 4 
in different cases, and apparently vary with the species. In one or.two 


pg the muscular effect produced by 1 mg. of nicotine was only 
ht. 


With larger doses I have always started artificial respiration before 


the injection. The effect up to 50 mgrm. of nicotine is to make the 


Langley. This Journal, 1908. 
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contraction more rapid (though the rate of contraction is always very 
slow compared with that caused by electrical stimulation), and to prolong 
somewhat the duration, so that 20 minutes may elapse before the 
extended legs begin to fall. But the increase in duration is not directly 
proportional to the increase in the amount of nicotine given. 

Section of the sciatic and of the crural nerves on one side makes 
no essential difference in the changes occurring in the legs. Some 
differences in time of onset and duration occur, but these are only such 
as might be caused by the severance of muscles necessary in cutting the 
nerves, by alterations in blood supply, and by difference in the muscles 
on the two sides. No doubt in the absence of anesthetics, nicotine 
stimulates the central nervous system as it does to a greater or 
less extent in other vertebrates, but the effect described here is not of 
central but of peripheral origin. 

Since in the fowl most of the muscles of the leg are red, and those 
of the wing are white, the difference in the action of nicotine upon the 
leg and on the wing naturally suggests that the poison causes tonic 


. contraction in red muscles but not in white. 


As a rule this is certainly the case. On exposing the muscles 
and injecting intravenously a dose of nicotine (as 5 to 10 mgrms.) large 
enough to ensure a fairly rapid contraction, the red muscles of the leg 
can be seen to shorten, whilst’ no movement is perceptible in the white 
muscles of the wing. I have taken also a graphic tracing of one of the 
white muscles of the wing; the injection of nicotine caused no trace of 
movement of the lever. But I have not investigated this question 
systematically. In one experiment on the rabbit, nicotine had no 
stimulating effect on the red muscles. 

In order to analyse the phenomenon further I have made observations 
by the graphic method, using the gastrocnemius muscle. This muscle 
served my purposes, but for certain points of investigation it is 
not satisfactory. The upper end contains a considerable admixture 
of white muscle, and although this part of the muscle contracts with 
nicotine, it is not certain that the white fibres do. Moreover, owing to 
the short course taken by many of the fibres, and their complicated 
arrangement, local contractions, especially of the upper part, may occur, — 
which are obvious to the eye, but which exert so little pull on the 
— Achilles as to _—— * move the lever attached to it. 


- Method. The fowls were first given sileehoes and during the rest 
of the experiment A.C. E. mixture by a tracheal tube. A warm water 
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bag was used to keep up the temperature. Injections were made into the 
jugular vein. When the contraction of the gastrocnemius of one side only 
was to be observed, the fowl was placed on its side. The sciatic nerve 
(and sometimes also the crural) was cut high in the thigh. The internal 
peroneal nerve was tied and cut in the lower part of the thigh. The 
muscles were cleared from the upper part of the femur, and the thigh 
bone clamped. The tendon of the gastrocnemius was tied, the skin 
over the muscle cut, and the lower §rds of the muscle freed from its 
attachments. The leg was then extended, the clamp on the femur fixed 
to a stand, and the leg also clamped above and below the ankle. The 
stands holding the leg clamps were clamped to the table. The thread 
attached to the tendon of the gastrocnemius was tied to a thread 
passing over a wheel and fastened to a lever writing on kymograph 
paper, so that a contraction of the muscle caused a rise of the point of 
this lever. A warm flannel was usually hung over the muscle a little 
_ above it. At the beginning of an experiment the sciatic was stimulated 
in order to see whether the contraction of the muscles supplied by it 


caused any movement of the lever; usually there was slight movement . 


of 2 to 3 mm. (a rise or fall according to other conditions of the 
experiment), due to the muscles of the thigh or the lower leg pulling on 
the upper part of the gastrocnemius. It seemed to me better to retain 
this small source of error in the form of the gastrocnemius curve than 
to run the risk of interfering with the circulation by severing the lateral 
attachments of the muscle throughout. 

_ When the contractions of both gastrocnemii were recorded, two 
methods were tried after the necessary dissection. (a) The fowl was 
placed on its back, and the legs clamped, inclined upward, or (5) it was 


placed ventral surface downwards, the sternum resting in a wedge-shaped — 


trough. By this method the legs were usually not sufficiently far from 
the body to prevent a trifling movement of the gastrocnemius with each 
respiration (cp. Fig. 3); but the muscle is less exposed than by the 
former method. This position was adopted when the blood-pressure 
in the femoral artery was taken on one side and the gastrocnemius 
contraction on the other. In all the tracings the lever multiplied the 
contraction 4 times, the weight employed was usually 10 grams.; the 
extent of reduction of the tracings is given in the description of the 
figures. | | 

The nicotine contraction of the gastrocnemius, as shown in the 
tracing, has the general features mentioned above as seen in the muscles 
vf the leg generally, namely, slow shortening and prolonged duration.. 
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The form of the curve, however, varies considerably and I have not 
definitely settled to what the differences are due. 

The usual type of curve is that given in Fig. 1—which shows also 
the effects of single induction shocks, The greater part in the rise in 
the curve occurs in about 30 secs, there is then a slow further rise 
lasting two or more minutes, this is maintained for a minute or two and 
passes into a relaxation, which is slow —— especially at the 
beginning and at the end. 

Sometimes the slow rise after the primary one is much abbreviated, 
te. the maximum height is more quickly attained. 

Not infrequently the very slow rise gives way to a fall as soon as it 
has reached its maximum, so that the summit of the curve though very 
flat topped is not a straight line. 

A second type of curve is that in which the maximum height of the 
- curve—attained in 20 to 30 secs.—gives way almost at once to a partial 
fall lasting about 20 secs.; this is succeeded either by the usual slow 
fall, or by a straight line and then a slow fall. Fig. 6b shows a curve 
_ of this type, though not in a very developed form. This type is more 
common when nicotine is given in large doses and on repeated injection. 
When the leg is adequately fixed, I attribute this type of curve to 
a late contraction of other muscles of the leg pulling down the upper 
part of the gastrocnemius, but it may be due to partial relaxation of 
some of the fibres of the muscle itself. If the leg is not clamped 
below the ankle this type of curve is commonly obtained in a marked 
form. If the leg is not fixed at all, or only fixed below the ankle, the 
curve commonly has two apices, showing that the different mucles 
attain their maxima at different times. 

The first dose of nicotine in my experiments always led to some 
contraction remainder (cf. Fig. 1); the return to the original length was 
not attained in an hour, the longest time I have waited for it, but it 
must be noted that the weight applied was a light one. When the 
obvious descent of the lever has ceased, a second small dose of nicotine 
will again cause contraction, the contraction being of rather less height 
and duration, and the injection can be repeated many times with 
progressive decrease in effect. When a small dose of nicotine has no ~ 
or only a slight effect, a considerable one can still be obtained by 
injecting a large dose, as 20 mga, and when this becomes ineffective, 
a still larger amount, as 50 mgs., will cause more or less contraction. 
When a given dose ceases to produce an effect, it will usually produce 
one if an interval of about half-an-hour to an hour is allowed before 
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repeating the injection. In fact as regards repeated doses, nicotine 
stimulates the striated muscle much as it stimulates nerve cells; and 
much as adrenalin stimulates certain unstriated muscle cells. The chief 
characteristic of the stimulative action of nicotine on striated muscle is 
its long duration. Now, as is known, nicotine paralyses somatic motor 
nerves. After about 10 mgs. of nicotine have been.given, faradic stimu- 
lation of the internal peroneal nerve causes very little contraction of the 
gastrocnemius, and on repetition, this is, as a rule, only a twitch at 
the beginning of the stimulation. Sometimes the contraction is only a 
feeble flicker inthe upper part of the muscle' which has no effect in the 
tracing. After about 15 mgs. of nicotine have been ern the internal 
peroneal nerve is completely paralysed. 

The different muscles of the limb, however, require  poenuead 
different amounts of nicotine to produce complete —_ of the 
nerves. 

T have already said that a large dose of nicotine will cause con- 
traction after much more than 15 mgs. have been given. It follows then 
that injection of nicotine, after the internal peroneal ‘nerve 
has been paralysed, still causes contraction. Indeed if small 
successive amounts of nicotine are given, there is nothing in the curves 
to indicate the point where paralysis occurs. 


current. 

After nicotine has paralysed the internal peroneal nerve, direct 
stimulation of the muscle with the interrupted current, using the. 
ordinary electrodes, has naturally only a local effect and the movement 
of the lever is comparatively slight. Owing to the anatomical 
arrangement of the muscle fibres, stimulation on the inner surface near 
the lower end gives a greater effect on the lever than stimulation 
elsewhere. The effect is not, so far as I have seen, appreciably further 
decreased by any dose of nicotine (200 mgrs.), provided the circulation 
remains good; but I have not made exact experiments on the point. It 
is certain, however, that nicotine in large doses does not a the 
muscle for direct tetanic stimulation. | 

For.experiments upon the comparative effect of stinncilation before, 
during, and after the nicotine contraction, I pierced the muscle with 


_ Tn one eis of tiny wave of contain eoarned down « strip of the upper 
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platinum electrodes (swinging easily in their connected wires), one about 
the middle of the muscle, the other about a centimetre from the 
lower tendon. | 
_ Strong induction shocks (1 Dan. cell, du Bois machine, sec. coil at 0) 
give but slight effects on the tracing. In Fig. 1 an example is given of 
the effect’ obtained. At the height of the nicotine contraction the 
induction shocks give no effect on the tracing, though a local twitch of 
the muscle may be distinct to the eye. As the muscle relaxes—if 
a small dose of nicotine only has been given—the induction shocks have 
again an effect and naturally the break before the make shock, until 
the normal rise is approximately obtained, and this occurs whilst the 
muscle is still in a state of slight contraction (cp. Fig. 1). When the 
internal peroneal nerve is paralysed by nicotine or by curari the effect 
_of single induction shocks is very slight. The interrupted current causes 
contraction at every stage of the nicotine curve. Bas: 

_. The make and the break of a galvanic current (4 Daniell cells in 
series) gives moderate contractions (Fig. 2a,b). During the greater 
part of the prolonged contraction produced by nicotine, the 
make of the current causes partial relaxation which lasts until 


Fig. 2. Inhibition of contraction by the constant current. Nerves paralysed by 15 mgs. 
curari. Make and break stimulation with 4 Daniell’s cells. (a) Ascending. (b) De- 
scending. (¢) Injection of 50 mgs. nicotine. Interval of 2 mins. (d) Ascending 
current three times, and descending current three times. Interval of 8 mins. (e) As- 
cending twice, descending twice. Interval of 9 mins. (f) Descending twice. 
(9) Ascending twice. Reduced 4. 
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the break of the current, ic. it causes partial inhibition (Fig. 2d). 
The inhibition is marked both with the ascending current (positive pole 
near tendon) and with the descending current. (negative pole near 
tendon). A slight twitch is produced at the break of the current, this 
is more marked when the current is ascending than when it is 
descending (Fig. 2d). As the muscle relaxes, the break twitch of the 
descending current increases (Fig. 2 ¢), then a make twitch begins, though 
there is still some inhibition during the passage of the current; the 
make and break contractions increase and the inhibition decreases until 
the normal response is obtained (Fig. 2 f, g). On injecting — 
anew, inhibition can again be obtained. 
It will be remembered that Biedermann clamping in the middle 
a veratrinised frog’s sartorius in a double myograph, obtained make 
pais inhibition in one half, and make kathodic contraction in the 
other. In the fowl’s muscle the state is no doubt essentially the same, 
but the inhibition predominates so much over the contraction, that the 
muscle as a whole elongates considerably. 


_ ‘The mutual effects of nicotine and curari on muscle. 


_ Since curari prevents nerve stimulation from having an effect, but 
does not itself cause muscular contraction, and nicotine, although also 
preventing nerve stimulation from having an effect, does cause muscular 
_ contraction, it seemed possible that the latter might act on some 
_ substance or structure placed more peripherally than that on which the 
former acts. 

I have made experiments in three ways :— 


a, Curari is given after the administration of anesthetics at the 
beginning of an experiment; a small dose of nicotine is then given and 
_ the effect compared with that produced by the same dose in other 
_ experiments in which curari is not given. 2 

b. Nicotine is given, then curari, and then again nicotine; the 
relative effects of the two doses of nicotine is compared with their 
relative effects in other experiments in which curari is not given. 


c. Curari is given during a contraction brought about by nicotine, 
and the effect on the contraction noted. 


In the fowl, the somatic nerves are paralysed by about 15 mgs. of 
curari. In two experiments by method (a) 10 mgs. of curari were 
given and then 1 mg. of nicotine. In one case the nicotine had no 
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effect on the gastrocnemius tracing, and in the.other it caused a very 
slight rise only. As I have said: above, 1 mg. of nicotine, in all the 
cases in which. curari is not given, induces contraction, and in nearly 
all cases considerable contraction of the gastrocnemius (cf. ‘Fig. 1). 
Hence the slight contraction produced in these two experiments indicates 
that, curari in a dose insufficient to paralysé completely the somatic 
nerves reduces nearly to zero the saeesieitted effect of a small dose - 
_nicotine, 


Since, however, the extent of contraction by amount 


of nicotine varies in different fowls, I took for comparative observations 


two young cockerels of the same species and brood, almost indistinguish- 
able from one another, In these the stimulating action of nicotine was — 


much less than usual, and the antagonistic effect of curari on the nicotine 


contraction was greater than usual. As they illustrate also the results — 


obtained by methods (5) and (c), and the effect of large doses, I me 
some details of them. 

The contraction produced by 1 mg. of nicotine was a very slow gradual 
contraction (Fig. 3 A); whilst the curve was still rising 10 mg. of curari 
was injected and this caused in about 15 secs..a fall in the curve 
(cf. Fig. 3 A). In the 2nd experiment 10 ings. of curari were first given, 
and then 1 mg. of nicotine; this caused only a trace of contraction 

3 | 


Fig. 8. Motaal eflct Of end A. Exp. 1. Ourari given after nicotine. 
B. Exp. 2. Nicotine given after curari. Reduced } nearly. 
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_ Later, larger injections of nicotine had in both experiments but a 
slight effect (cf. protocols following), but with a sufficient dose a strong 
contraction was produced in both cases. In one experiment the 
contraction was allowed to take its course and it lasted many minutes: 
the first part of the curve is given in Fig. 4. In the other experiment 
curari was injected, and it caused gradual relaxation, as shown in Fig. 5. 


Fig. 4. 


Fig. 5. | 

Figs. 4 and 6. Reduced 4. Mutual elles of curt and nicotine, Fig. 4 (Exp. 2). 
Contraction produced by a large dose of nicotine. Fig. 5 (Exp. 1).. A similar 

contraction annulled by curari. 


Exp. 1, Exp. 2. 4 gastrocnemius 
mg, nicotine —gradual, slight (10mgs.curari 
(Fig. 3 A) stimulate sciatic—small 
—decrease (Fig. 9 mins. 1 mg. nicotine 
12 mins, 10 mgs. nicotine—trace a (Fig. 8B) 
20 ;, 25 mgs.nicotine—slight, prolonged 38 ,, mg. nicotine —very slight 
387 ,, 50 mgs. nicotine—good (Fig. 5) 39 ,, 20 mgs. nicotine—very slight 
30 mgs. curari —slow, decrease 6.4, -20.mgs, nicotine —good 
20 mgs. curari —quicker decrease (Fig. 4) 
90 ,, 50 mgs. nicotine—slight, slow stimulate sciatic—no effect 


10 mgs. nicotine—slight,slow 
The blood-presvure was taken in both experiments, it remained high throughout. 
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From these experiments it is, I think, clear that curari and nicotine 
are antagonistic in large as well as in small amounts, and that the extent 
of contraction is proportional to the relative amounts of the two poisons. 
I have made a considerable number of experiments by methods (5) and 
(c) and always with the same general result, but I have found wide 
variations in the degree of antagonistic action of curari on the nicotine 
contraction. And in no other instance have I found curari to have so 
great a counter-action on comparatively large doses of nicotine (such 
as 10 to 20 mgs.). The variation is, I think, due to a varying aeety 
to nicotine. 

A protocol of one of the experiments may be given, which will also 
serve to illustrate some other points. Here the crural and sciatic nerves 
on one side were cut, and a tracing of the gastrocnemius contraction on 
each side taken. , 

It will be seen (Fig. 6) that the contractions on the two sides differed 
in minor points; the slower beginning of the effect of injection on the ~ 
side on which the nerves were cut was probably due to a less good 
circulation caused by exposure of the femoral artery, for on exposure or 
if pulled about the artery commonly contracts considerably. The 
difference 'in the effect of the first effective dose of nicotine (0°5 mg.) I 

am inclined to attribute to a difference in the muscle on the two sides, 
but it may possibly have been due to some unnoticed greater exposure 
of the gastrocnemius on the side on which the nerves were cut. | 

Tt will be observed that on the side on which 0°5 mg. nicotine had 
hardly caused contraction, the subsequent dose of 2 mgs. acting on an 
already contracted muscle had a comparativély little effect, and that the 
curve is of the 2nd type mentioned above (p. 383). 

In mammals curari beyond a certain amount causes a great fall of 
blood-pressure, and it seemed possible that the relaxation of the nicotine’ 
contraction caused by curari might be due to a diminution in the blood 
supply to the muscle. But this is not the case. For when the femoral 
artery is clamped during a nicotine contraction the contraction continues 
undiminished fora considerable time, and the relaxation when it occurs 
is much less and is more gradual than that produced by curari. More- 
over in the experiments in which I have taken the blood-pressure, very 
little or no fall of blood-pressure has been produced by curari; an 
instance is given in Fig. 5. 

It may be noted in passing that nicotine when first injected causes 
a rise of blood-pressure, as in the mammal, but the rise is less steep and 
in general not so great as in the mammal, After a certain amount has 
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Fig. 6. Reduced +}. Time in 10 secs, — 
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been given, it causes a temporary fall of blodd-pressure (cf. Fig. 5); 
accompanying this there may be a slowing of the heart-beat. 


Exp. 3. The general arrangements were as given above under ‘ Methods.’ On the left 
side, the crural and sciatic nerves were cut in the upper part of the thigh, the muscles 
being freely severed to expose the nerves. On the right side, the nerves were uncut, In 
Fig. 6, the upper tracing is that of the left, and the lower that of the right gastrocnemius. 


beginning of | 
Injection Contraction as shown on tracing ‘Bye 
vs mg. nicotine Remains closed 
2min. Lats sila, stew, sight Right side, Opens 
good (Fig. 6 a) 
6 ,, 2mgs. ,, Left side, good. Right side, mode- Opens a little wider 


rate; curve of type 2 (Fig. 6 b) 
‘i curari Gradual relaxation, quicker and Slowly closes 
on vight side (Pig. 6 b) 


63 2 mgs. nicotine 0 

20 Moderate, sooner Slowly opens 
right side 6c). 

34 5 15 mgs. curari Slight, slow relaxation. Slowly shuts 

64 . 15 mgs. nicotine Very slight, slow contraction Very slowly opens 

50 Moderate to good, a little quicker 

: on right side (Fig. 6 d) 

80 curari Slow relaxa uicker t closes 4 
mgs. (Fie q on right Slowly 4 

Slight relaxation on right side Slowly closes 


When successive doses of nicotine are given, there is, as I have said, 
a decrease in the contraction produced. When successive doses are given — 
after curari, the effect is additive, a fact which supports the view that a 
certain amount of nicotine is required to overcome the effect of a given 
amount of curari. Thus I take it that in Exp. 2 the 2nd dose of 
20 mgs. of nicotine produced a strong contraction, partly bécause of the 
continued presence in the blood of some of the first almost ineffective 
dose. 

The mutual antagonism of the two. poisons is readily seen in their 
action on the muscles which cause closing and opening the eye (chiefly 
those of the lower lid). In anesthesia the eyes are shut, nicotine causes 
them to open, curari causes them to shut. They respond more delicately 
than does the gastrocnemius muscle to the relative amounts of nicotine 
and curari in the blood; the eyelids moving just perceptibly, or sepa- 
rating widely, or firmly dianine (cf. protocol, Exp. 3). 

The mutual antagonism can only mean that the two poisons act on 
the same protoplasmic substance or substances. Any statement of the 
nature of this action must at present be crude. With this proviso, I 
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take it that the action consists in a combination of the alkaloid with 
the protoplasm. Curari in combining leads to diminished. excitability 
and does not stimulate ; nicotine in combining also leads to diminished 
excitability, but it stimulates in combining. Which combination is 
formed depends upon the relative amounts of the two poisons. _ 

In order to explain the fact that nicotine prevents stimulation of 
the nerves from causing contraction, but will itself. cause contraction on 
a further dose, we might suppose, | 


(a) that nicotine combines with several substances, and that it has 
different affinities for these substances. This view implies that the 
substances of less affinity for nicotine are not stimulated by nervous 
impulses ; 


-6r (6) that nicotine combines with one substance, but with different 
degrees of completeness according to the amount of nicotine present. 
_ With incomplete combination the excitability is diminished sufficiently 
to prevent the nerve impulse from having any effect, but as further 
combination can take place, nicotine can still stimulate. When com- 
bination is complete a further large dose of nicotine cannot — 
and in fact does not cause contraction. 


I am inclined to adopt the latter supposition, | 

The general relation of nicotine and curari to muscle is the same as 
that I pointed out some years ago for the relation of atropine and 
pilocarpine to the salivary glands’. Physiologically the difference 
between the action of the two pairs of alkaloids is, that in the case 
of the salivary glands, the affinity of the stimulating agent (pilocarpine) 
is less than that of the simply paralysing agent (atropine); whilst in the 
case of the fowl’s muscle, the affinity of the stimulating agent (nicotine) 
is greater than that of the simply paralysing agent (curati). 


THE EFFECT OF DEGENERATIVE SECTION OF THE SCIATIC NERVE. 


On this point I have made five experiments, cutting the peroneal 
nerves (in Exp. 4 the internal peroneal tierve only) and removing 
1 to 3 centimetres, the length of the piece varying roughly with the 
time allowed for the degeneration of the nerve. This time was in 
Exp. 1, 6 days; Exp. 2, 8 days; Exp. 3, 27 days; 
Exp. 5, 40 days. 


1 ‘This Journal, t. p. 367. 1878. See also Marshall. This Journal, xxx1. p.120. 1904. 
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fa Meni nih fowls the nerves were cut; one (Exp. 6, 25 days) was killed by a ferre 
which escaped from its cage; another (Exp, 7, 58 days) died of tubercular lung disease ; 
the third (Exp. 8, 72 days) died of tubercular liver disease. Ether was used as an 
anssthetic, the tendon of the ilio-fibularis muscle was cut through at its lower, and for a 
short distance along its posterior, edge and reflected. The muscles were pulled apart, and 
the sciatic nerve (consisting of the external and internal peroneal nerves joined together) 
was The sciatic was cut, the peripheral end pulled up, and the external and 
1 peroneal nerves isolated as far as the knee-joint and there cut; the intermediate 
piece of nerve was removed. Aseptic methods were used, and the wounds healed readily. 
The section of the peroneal nerves affected the power of movement to very different 
extents in the several experiments. In all the experiments except 6 and 7 the fowls soon 
learnt to balance on the sound leg, and to move about without much difficulty; on the 
operated side the whole of the foot from the ankle downwards was placed on the ground in 
hopping or walking, but in experiments 1 and 8, the leg was first flexed and kicked out 
behind once or twice before being placed on the ground. In Exp. 6 the fowl which 
was large, was unable to balance, and fell forward in trying to walk. In Exp. 7 the 
balancing and power of walking was very imperfect. Section of the internal perdneal 
progression. 

The final niin’ was conducted in the manner already sheeeiioed. 
The sciatic was in all cases cut about two centimetres centrally of the 
neurome, and the peripheral end stimulated, the gastrocnemius being 
exposed and observed. In no case did the sciatic cause any trace of 
contraction in the muscle, so that functional regeneration had not taken 
place. Nor did the stimulation cause contraction in the other muscles 
of the lower leg in the four cases in which the external as well as the 
internal peroneal nerve was cut. In Exp. 5 the seiatic caused slight 
contraction in the lower part of the thigh near the neurome, indicating 
some outspread of. fibres from the neurome into the isnmediately 
adjoining muscle. 

The gastrocnemius of each side was lee except in Exp. 2. 
The weights in grams are given in the following Table. The numbers — 
are probably slightly inaccurate, since no special care was taken to cut 
out exactly corresponding parts of the tendons. 


Exp. 1. 6 days 
Exp. 3. 7 60 48°3 
Exp. 4. 38 ,, 10°4 49 
Exp. 5. 400 78 3-1 60°3 
Exp.6. days 4:3 | 21-0. 
Exp, 7. 1:8 455 
Exp. 8. 72 


It will be seen that, as was to be expected, section of the nerves 
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caused atrophy of the gastrocnemius, roughly proportional to the 
duration of the paralysis, The less percentage decrease in Exps. 6, 7 
‘and.8 is probably due to some atrophy of the gastrocnemius on the 
sound side; for in Exp. 6 the sound leg was used very little, and in 
Exp. 7 mntaeh less than in the other fowls; in Exp. 7 there was some 
wasting of all the muscles, and this was very great in Exp. 8. 

In all five experiments, injection of nicotine caused contraction of 
the gastrocnemius in the normal manner, and repeated contractions 
were obtained by repeated injections. I have already said that the 
responsiveness of the gastrocnemius to nicotine varies in different fowls. 


Consequently considerable caution must be exercised in comparing the 


response of the denervated muscle with that of the normal muscle. 
But the results of the experiments tend to show that the responsiveness 
to nicotine is increased by denervation. Thus in Exp. 1, 4, mg. of 
nicotine caused a good contraction', and in Exp, 5, 1 mg. of nicotine 
(cp. Fig. 7) caused a more rapid contraction than I have seen with 
that dose in any normal muscle. 

It will be remembered that increased excitability to certain stimuli 
after section of peripheral nerves has been shown in several tissues. 
Thus the super-normal dilation of the pupil described by Budge and 
Langendorf, as occurring in certain conditions after removal of the 
superior cervical ganglion, is due according to Lewandowsky and 
Anderson® to increased excitability of the dilatator pupilla. Elliott 
has shown® that the dilatator pupillw, the blood vessels of the ear, and of 
the intestines, the heart, the retractor penis, the arrectores pilorum all 
contract better with small doses of adrenalin after degencrative section 
of their nerves (sometimes of the pre-ganglionic nerves), Further, it 
has been found by Anderson‘ that dyspnoea and some alkaloids cause 
greater contraction of the sphincter of the pupil ‘on the side in which the 
ciliary ganglion has been removed for some days or weeks than on the 
normal side. Indications of some increase of inhibitory response in the 
intestine after section of the mesenteric nerves were obtained by 
Magnus and myself®. 

In the denervated muscle, curari still exercised an antagonistic effect 


1 No contraction was obtained with », mg. nicotine at the beginning of Exp. 5. 
* Anderson. This Journal, xxx. p. 290, 1903, where other references are given. 
Elliott. This Journal, xxx. p. 438, 1905. 
4 Anderson. Proc, Physiol. Soc. p. xlix. 1905 (This Journal, xxxu.); This Journal, 
xxx. p. 156. 1905. 
Langley and Magnus. This Journal, xxxut. p. 34. 1905. 
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on the nicotine contraction, but the antagonism was distinctly less than 
normal. The effect is shown in the protocols of Exps. 1 and 3 —~— 3 
below. 

As we have seen, contraction of the normal gastrocnemius can be — 
repeatedly obtained by repeated injections of nicotine. The denervated 
muscle behaves in the same way. In Exp. 2 five successive injections 
of 2 mgs. of nicotine were made at intervals of 10 to 15 minutes, and 
each caused moderately — contractions. 


16 mgs. curari igh increas in rate of re- 
Good and fairly rapid 
60 mgs. curari 
ae 20 mgs. nicotine Slight to moderate 
After the first injection of curari the eye remained closed throughout. 
Expr. 3. 
Injection — Contraction Eye 
1 mg. nicotine Good 3 Opens 
15 mins. } Wee Good, less than before Opens widely 
mgs. nicotine Moderate Remains closed 
10 mgs. curari 
"abe 2 mgs. nicotine Trace ‘Remains closed 
45 ,, 2 ” ‘Trace ” 
2 » 20 ” Good, quick rise Opens slightly 
15 ” 20 mg. curari Closes 
ee 50 mg. nicotine Moderate Remains closed 


In — 5, in which the nerves had been cut for 40 days, curari was 
injected during the nicotine contraction. The slight effect is shown in 
_ Fig. 7. The first injection of curari (10 mgs.) produced no obvious — 
effect; the second injection (20 mgs.) quickened somewhat the re- 
taxation; | 
The effect of the constant current (6 Daniell cells in series) was then 
tried; the make, both of the ne and of the descending current, 
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caused strong quitk contraction (Fig. 8). Five mgs. of nicotine were 
injected, twenty-five minutes after the injection of 1 mg. just mentioned, 
this caused a quick, strong contraction of the gastrocnemius without 
obvious contraction of the opposite leg or opening of the eye. During — 
the continuance of the contraction the muscle was stimulated several 
times with the ascending and descending constant current. At first, 
there were make and break twitches, and during the passage of the 
current considerable inhibition with the descending current, slight with 


Fig. 7. Reduced +4. Denervated muscle. Effect-of nicotine and of curari after 
: nicotine. Time in secs. omitting every tenth. 


the ascending. Later, the current being sent through the muscle for a 
longer period, the break twitch of the descending current disappeared, 
the inhibition produced by the ascending current was minimal, but 
there was a slight inhibition on breaking the current (cp. Fig. 8). 
After this the muscle barely reacted to strong single induction shocks, 
and with strong tetanising currents gave but a rise of 1 cm. on the 
tracing. This and the slight effect obtained with single and repeated 
induction shocks in other experiments after several injections of nicotine 
indicates that the denervated muscle is much more easily fatigued than 


DISCUSSION OF RESULTS. 


The experiments given in the foregoing section show that in certain 
muscles of the fowl the degeneration of the nerves supplying the muscles 
does not essentially alter the contraction caused by nicotine. Sokolow' 
has shown that the axon-endings of the striated muscles of the frog 
degenerate after section of the nerves. In Exp. 2 (8 days after section 


1 Sokolow. Arch. de Physiol. p. 308. 1874. 
26—2 - 
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of the nerves), and in Exp. 3 (27 days after section of the nerves), corre- 
sponding portions of several of the muscles on the two sides were treated 
with gold chloride and formic acid. Axon-endings were found on the 
sound side, but none on the side with degenerated nerves, although here 
and there degenerated nerve fibres could be traced up to the muscle fibres. 
It would certainly be more satisfactory if the progressive changes in the 
nerve-endings of birds and mammals after section of the nerves were 
known, but I do not think there can be any doubt that the axon-codings 
do degenerate. 

I conclude then that nicotine acts upon the ‘onesie substance, — 
and not upon the axon-endings. - 


Ruffini and Apathy have described ‘ultra-terminal’ nerve fibrils proceeding from 


the obvious axon-endings in muscles in man. It might be supposed that these, if they 
exist, can be kept alive by the muscle, but, as I have said above, it-seems to me simpler to 


It has been: shown sens that curari acts upon the same substance 
as nicotine. It follows then that curari acts upon the muscle sub- 
stance and not upon the axon-endings. 

Since, in the normal state, both nicotine and curari abolish the | 
effect of nerve stimulation, but do not prevent contraction from being. 
_ obtained by direct stimulation of the muscle or by a further adequate 
injection of nicotine, it may be inferred that neither the poisons nor the 
nervous impulse act directly. on the contractile substance of the muscle 
but on: some accessory substance. 

Since this accessory substance is the nalasiaats of stimuli which it. 
transfers to the contractile material, we may speak of it as the receptive 
substance. of the mascle. 

Now nicotine does not stimulate all the muscles of the bird, and it 
does not, so far as we know, stimulate any in the mammal. Moreover, 
whilst curari “paralyses” the motor nerves in mammals, it does not 
paralyse them in the crayfish. It follows then that there are consider- 
able differences in the receptive substance in different muscles. And 
it seems to me probable that we must regard the embryonic muscle 
protoplasm as forming several receptive substances responsive to different 
chemical stimuli. 

The relation between the receptive ad the contractile substance is 
clearly very close, and, on the general lines of Ehrlich’s immunity 

theory, it might be supposed that a receptive substance is a side chain 
~ molecule of the molecule of contractile substance, but at present there 
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does not seem to me to be any advantage in ol to refer the 
phenomena to molecular arrangement. 


III. . REMARKS ON THE RECEPTIVE SUBSTANCE OF CELLS, AND 
; ITS CONNECTION WITH NERVE-ENDINGS. 

If the view given in the preceding section is true in the particular 

| case of striated muscle, it gives a firm basis for making deductions with 

: regard to the mode of action of nervous and chemical stimuli in other 

tissues, I will first give the deductions which seem to me to follow 


logically, and then consider the conclusions arrived at by Elliott in 
his able paper already referred to in the Introduction. 


1. Starting then from the view that in striated muscle the action 
of nicotine is on certain receptive substances in the muscle, the facts 
given in the Introduction as to the action of nicotine on nerve cells, of | 
adrenalin, atropine, and pilocarpine on certain unstriated muscle and 
glands, after nerve degeneration, give good ground for believing that in 
these cases also the poisons act on the receptive substances of the cells. 

The gap in the evidence in the case of nerve cells is the inadequacy of the evidence 
that the nerve cells retain any function after paralysis by nicotine or other chemical body. 
The gap in the evidence in the case of unstriated muscle and glands is that satisfactory 
evidence of degeneration of the axon-endings after nerve section is lacking. 7 

Further, the action of secretin on the pancreas’ obviously suggests a 
direct action on receptive substances in the cell. And if adrenalin and 
secretin act in this way, it may fairly be inferred that the other internal 
secretion substances, as thyroidin and the various stimulating chemical 
bodies formed by the generative organs, act in the same manner. 

- Iconclude then that in all cells two constituents at least 
must be distinguished, (1) substance concerned with carrying | 
out thechieffunctionsofthecells,suchas contraction, secretion, 
the formation of special metabolic products, and (2) receptive 
substances especially liable to change and capable of setting 
the chief substance in action. Further, that nicotine, curari, 
atropine, pilocarpine’, strychnine, and most other alkaloids, as 
well as the effective material of internal secretions produce 
their effects by combining with the receptive substance, ane not 

“1 Bayliss and Starling, This Journal, xxv. p- 325. 1905. 


Previous to the experiments on degeneration of nerves mentioned inthe 
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by an action on axon-endings if these are eee nor by a 
direct action on the chief substance, 


2. It is well known that in the body some unstriated muscle is 
strongly influenced by sympathetic nerves, some slightly, and some not at 
all. The differences in innervation are more or less clearly advantageous; 
and we may infer that the present condition has been reached by a slow 
process of natural selection. No doubt a considerable factor in bringing — 
natural selection into play has been the varying use of the several 
nervous connections, 

_ The varying use might be caused ie a variation in the conditions 
external to the tissues actually concerned. But it is difficult to see 
what external conditions could lead to disuse or slight use in particular 
cases, as in the arteries of the bladder of most mammals, and in different 
portions of the gastric arteries of the rabbit. Some other factor. seems 
to me to be required. . . 

This factor, I take it, is probably the inherent tendency to chemical 
vetlniben in the cell protoplasm, so that different receptive. substances 
are formed, the responsiveness of which to nervous stimuli varies. Thus 
I think it probable that with equal nervous connection, one unstriated 
muscle might be strongly influenced; and another very slightly, and 
another not at all. | 

Some light may be thrown on this question by a comparison of the 
degree of action of nerves on unstriated muscle and the amount of nerve 
supply. From preliminary observations I have made, it appears to me 
that there is no constant relation between the two, and that unstriated 
muscle which is not appreciably affected by nerve stimulation may have 
an appreciable nerve supply. 

Now this factor, if it exists in the case of the sieiaasiio of nerve — 
fibres to unstriated muscle, must exist—though its value will vary—in 
all cases of the connection of nerve-endings with cells, including those — 
of the nervous system. And thus it might account for the effect of 
nerves on certain pigment cells of amphibia which is —) in the case 
of other connective tissue cells. 

_ The argument given above holds, I think, whether the nerve-endings 
are in continuity or only in contiguity with the cell, though in the 
former case some further problems arise, as whether the linking substance 
of nerve and cell is the substance which is stimulated by nerve impulses 


or independent of it. But I am inclined to believe that actual union 


does not occur. The embryological evidence of union seems to me quite 
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inconclusive as regards the condition in the adult, for it is readily con- 
ceivable that chemical differentiation should lead to a separation of 
units which are at first only potential. In the adult the histological 
evidence seems to me strongly against continuity. And experiment 
gives one fact against it, viz. that nicotine applied to a sympathetic — 
ganglion does not cause an axon reflex. Since nicotine stimulates the 
sympathetic cell, the impulse would, I think, travel back to the axon if 
the two were continuous. | 


3. Different peripheral tissues vary in the continuousness of the 
functional state.. In the case of those which are connected with nerve 
fibres, some are in a constant state of slight activity, brought about by 
nervous stimuli; it is a familiar fact that this causes the tone of striated 
and of certain unstriated muscle. In experiments made some years 
ago' on the union of the central end of the vagus with the peripheral 
end of the cervical sympathetic nerve, I found that after functional 
union had occurred, the vagus exerted a tonic action on those structures 
on which the cervical sympathetic normally exerts a tonic action. The 
result indicated that the normal tone is partly dependent on. the 
condition either of the superior cervical ganglion or of the peripheral 
structures. And the results given in this paper render it probable that 
this condition is the degree of responsiveness of the receptive substance 
of the peripheral structures. Thus there would be two factors in 
producing tone, viz. the intensity of the nervous stimuli, and the 
responsiveness of the receptive substance; and stimuli incapable of 
producing tone in one tissue might be capable of producing it in 

4. The varied effects produced by poisons show that the receptive 
substance varies in different cells (cp. p. 408). But the effects show 
also.that the receptive substance connected with the cells of any one 
class have frequently some common characters, and that they differ 
more or less from the receptive substances connected with the nerve 
fibres of any other class. The preferential action is very marked in the 
case of adrenalin. 

‘The similarity in the receptive substance connected with any one 
class of nerve fibres, and the dissimilarity in that connected with 
different classes is, I consider, due to the nerve fibres of any one class 
becoming connected with cells at approximately the same period in 
_ their phylogeny when the conditions are approximately the same, and 


1 This Journal, xxi. p. 255. 1898. 
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the chemical characters of the cells are the same within comparatively 
natrow limits. The connection once’ made will tend’ by’ use to fix the 
characters of the receptive substance. 
The ease in which nerve fibres from two systems form’ nerve-endings 
‘ in one tissue presents no difficulty if the nerve fibres‘end in adjoining 
eels. -“‘If they end’ in the’ same cells, the matter is less simple, but 
F I should suppose that the first nerve connection tends to fix the 
+ ¢haracters of the’receptive substance most in the immediate neighbour- 
hood of the ending, and that chemical variation still occurs elsewhere in 
the cells so that when another system of nerves forms eee it 
meets with a different receptive substance.. 


5. When a nerve is in functional connection with a cell the 
receptive substance it affects will, as I have just said, tend to become 
fixed, and in such cases there will probably also be a tendency for the 
receptive substance to be localized in the neighbourhood of the axon- 
ending. 

+ In the cases in ‘chil. a tissue ions a nerve supply both from the 
: sympathetic and the para-sympathetic system’ there is evidence of 
considerable, if not exclusive, localisation on the assumptions that 
efferent impulses are of the same character and that the two sets of 
nerve fibres end in the same and not in adjoining cells. For stimulation 
| of the two sets of nerves produces different effects either in kind or 
ee degree. Evidence still stronger is afforded by the discovery made by 
: Dale*, and confirmed by Elliott’, that chrosotoxin can paralyse the — 
1% motor sympathetic fibres running to a tissue, without paralysing the 
motor para-sympathetic fibres running to it. 
, It is possible that the same holds for all other nerve-endings, but it 
does not necessarily follow that this is so, In the case of striated 
muscle I hope to settle the question by observing under the microscope 
the behaviour of the teased-out muscle fibres when irrigated with 
nicotine, 
In the cases in which there is localisation, the receptive substance 
may conveniently be called the synaptic substance, since it can be ° 
applied to all forms of cells. 


6. I have formerly adduced evidence‘ (as have others) that in- 


Be 1 [use the word para-sympathetic for the cranial and sacral autonomic systems. 
Dale. Proc. Physiol. Soc. p. viii. 1905. (This Journal, xxxu.) 
§ Elliott. This Journal, xxxu. p. 401. 1905. 
* Langley. Text-book of Physiology. Edited by Schafer, u. p. 672. 1900. For 
the evidence as regards the inhibitory fibres of the heart cp. Gaskell. Ibid. u. p. 203. 
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hibitor, as motor, nerves produce their effect by a direct. action on thie 
tissue in which they end. Elliott (op. cit. p. 436), starting from the 
view that nervous impulses primarily affect the myo-neural junction, 
has pointed out that if the nervous impulses in inhibitory and motor 
nerves are the same, it would be the function of the myo-neural junction 
to determine whether the effect of a nervous impulse is inhibitory or 
not, and that both inhibitory and motor substance might be present 
in one myo-neural junction. Granting the assumption, the conclusion 
seems to be inevitable, and I take it that in general an increase or 
decrease of function in a cell brought about by chemical or nerve 
stimulation depends upon the —— in the cell of different nomen 
bodies. 


decrease of function. 

If, the gale al tix eal, and the 
axon of an inhibitory nerve were the positive pole of its cell, one might expect, on the 
analogy of the effect of the galvanic current, that the nervous impulse passing down the 
former would cause contraction, and that the nervous impulse passing down the latter 
would cause inhibition. 
stimulating a nerve cut off from its cell. 


‘Some light may be thrown on the question by cross union of post- 
ganglionic nerves belonging to the same system and toa different system. 
The investigation unfortunately presents considerable difficulties. 


7. The results given above suggest that the axon-endings are the 
same as apy other part of the axon (differing from the rest of the cell), 
and that a chemical substance will only affect the axon-endings if they 
affect the axon itself. But the observations of Anderson on the 
relation of the ciliary Las the sphincter of the iris raise a doubt on 
this point. Anderson’ finds that eserine has no stimulating effect on 
‘the ciliary ganglion or the short ciliary nerves, but that its constricting 
action on the pupil disappears two days after section of the nerves. After 
_@ time, eserine again causes constriction, and this is again abolished by 
section of the nerves. In this case then it appears clear either that 
eserine stimulates axon-endings, in which case they must differ from the 
pre-terminal ‘axons, or that the mere connection of axon-endings- with 
the sphincter muscle causes in the muscle the formation of a special 
receptive substance. It is to’ be noted that both pilocarpine and 


1 Anderson. Proc. Physiol. xlix, 1906 Paper 
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atropine act on the sphincter after degeneration of the ciliary nerves, 80 
that the receptive substance as a whole does not disappear. 


We may now pass to a consideration of the view given by Elliott 
as to’ the mode of action of adrenalin on unstriated muscle, a view which 
* is applicable to all cases of nerve-endings. | 

Elliott considers that the substance which is stimulated by adre- 
nalin is not an intrinsic part of the muscle, but is developed from the 
muscle in consequence of its union with a sympathetic fibre. This 
substance is formed at the junction of the nerve and muscle, and 
establishes continuity between them, hence he calls it after Brodie and 
Dixon the myo-neural junction’. 

This view is based on the parallelism which exists between the 
action of adrenalin and the effect of stimulating the sympathetic nerves. 
The tissues acted on by adrenalin are varied, and primd facie the only 
common point is their innervation by a particular kind of nerve fibre. 
The natural deduction is that the feature which is common, or nearly | 
common, to them, viz., that of reacting to adrenalin is due not to the 
tissues themselves but to their connection with sympathetic nerves. 

It is also in favour of this view that adrenalin is found in cells which 
in development are intimately connected with the sympathetic system. 
Further, the limitation in the action of some other poisons to certain 
systems of nerves is primd facie strongly in favour of Elliott’s con- 
tention. Thus nicotine acts on pre-ganglionic and on somatic nerve 
connections. Since the nerves of both systems arise from the spinal 
cord, and have, as shown by Anderson and myself, some power of 
eross union, it is easier to believe that the common characters which 
allow the nicotine action, reside in the nerve fibres, than in the very 
different tissues in which they end. 

Nevertheless as the facts stand at present I do not feel able to adopt 
it. My chief reason is that section of the sympathetic nerves does not 
cause any atrophy of the substance acted on by adrenalin. If this 
substance were produced in consequence of the union of the nerve with 
the unstriated muscle, it would, I think, certainly diminish and probably — 
rapidly disappear when the union ceased. Neither in nerve cells, nor 
unstriated muscle, nor striated muscle is there any evidence that’ nerve 
degeneration causes more atrophy of the receptive than it does of the 
chief substance; there is indeed some reason for believing that 


1 The term is used by Brodie and Dixon in a vaguer sense, see Introduction. 
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in striated muscle the reverse is the case. Moreover the result is the 
same whether the nerves are cut in young animals (cf. Exp. given 
on p. 377) or in the adult. 

As it seemed possible that observations on the time at which poisons 
begin to take effect on the embryo might throw some light on the 
. question, I tried the effect of adrenalin, nicotine, and aryennine on 
the chick, in various stages of development. 

It is to be noticed on the one hand that the differentiation of the cell 
cables. for example in a muscle cell, certainly takes time, and it is 
conceivable that it would not be completed before the nerves become 
functional ; and on the other hand, that the nerve fibres might exert a 
chemical action on the cell before they transmit nervous impulses.. 
The action of muscarine and atropine on the embryonic heart has 
been. described in some detail by Pickering. He found that in the 
mammal? muscarine caused slowing, and atropine removed the slowing 
in the earliest stages, a fact which is decidedly against the view that the 
- substance acted on is formed by nervous impulses, and, though less 
decidedly, against the view that it is formed by any kind of nerve action. 
He did not however obtain the same result in the chick*; in this case 
muscarine did not slow the heart till about the 8th day. 

The most striking result of my own observations was the cessation 
of the contraction of the amnion on adding adrenalin. The contrac- 
tions of the amnion.are caused by a thin layer of unstriated muscle; so 
far as I know no nerves have been found in it, but it is possible that 
it has not been adequately investigated. Nicotine increased the rhythmic 
contractions of the amnion or set them going if the amnion was quiescent, 
and it seemed clear that this action occurred locally on local application. 
In the adult, nicotine does not affect unstriated muscle. Strychnine had 
no effect on the amnion up to the 12th day, after this date the amnion 
was not noticed. 

Nicotine on and after the 13th day caused repeated twitching of the 
limbs, and at times local twitches in the various muscles, also opening 
of the eye, and movement of the jaw. Its paralysing action was not great, 
but it increased towards the end of the incubation period. All of these 
effects may have been due to an action on the central nervous system, 
for according to Preyer* twitching of the limbs can be obtained on the 


1 Pickering. This Journal, xx, p. 183. 1896. 


* Pickering. This Journal, xvi. p, 488. 1895. (Some earlier references are given 
in this paper.) 


* Preyer. Specielle Physiologie des Embryo. Leipzig. 1885. 
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12th day’ by stimulating the spinal cord. On the 21st day (one exp. 
only) after destruction of the lumbar cord, application of nicotine was 
followed by tonic extension of the hind limbs. The action of the 
alkaloid in the earlier stages (6th to 12th day) varied. Twitchings of 
the limbs were obtained in nearly all cases by applying 1 p.c. nicotine, 
- but not up to the 9th day by applying 0°1 p.c. Sometimes a slow 
tonic contraction of the body or of the hind limbs was obtained, but this 
did not occur with sufficient constancy to allow any definite conclusion 
as to its cause. On the whole I conclude that the characteristic action 
of nicotine in the leg muscles of the adult is a late development, and 
that nicotine isan earlier excitant of the muscle than nerve stimulation. 
According to Preyer (op. cit. supra) direct faradic stimulation causes 
a very weak contraction on the 7th day, a weak reflex may perhaps be 
present on the 11th day, stimulation of the spinal cord gives spn of 
the limbs on the 12th day and tetanus on the 15th. 

Strychnine had no effect up to the 10th day, on the 14th it -cunied 
repeated twitching. (No observations on the effect of. strychnine 
were made on the intervening days.) 

- The eggs after exposing the embryo were usually placed in a dish of hemp-seed and 
kept at 38°C. ina warm chamber. | 

Two or three small drops of the solution were allowed to run either on the allantois or 
on the amnion. The solutions used were adrenalin 575, to 34455 (hemisine of Burroughs 
and Wellcome, once adrenalin of Parke, Davis & Co.), nicotine 0-1 to 1 per cent., 
strychnine hydrochlorate 1 to 2 per cent. The solutions were kept at 38°C. 

Adrenalin usually stopped the movements of the embryo aswell as of the amnion. 
That adrenalin stops the amnion movements is perhaps best shown by observing the egg 
by transmitted electric light, and injecting the adrenalin through a small hole in the 
shell and shell membrane. The tons, for 
the embryo sometimes sinks. 

Preyer did not observe twitches of the limbs till the 7th day. I have seen active 
twitches (after adding nicotine) in an embryo of 5 days 18 hours. 

On the 18th day (after nicotine), there was rhythmic erection and depression of the 
feathers of the head and neck; the rhythm being often different in adjoining feathers. 

Electrical stimulation (faradic and galvanic current) I usually tried after having added 
nicotine; up to the 14th day I did not obtain any certain effect, except on the 
amnion. On the 2ist day, an hour after the beginning of the experiment and after 
nicotine, stimulation of the sciatic had no effect, but contraction of the muscles and 
movement of the feathers were readily obtained by direct stimulation for another hour. 
In this and other late embryos ether was given on opening the shell. 

The argument from the action of poisons on which Elliott's view 
is based is, as I have said, primd facie very strong. But a closer 
examination shows, I think, that the argument is inconclusive even 
when the action of adrenalin alone is considered, and involves great 
difficulties when the actions of several poisons are compared. 
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I will take first the action of adrenalin. The argument ‘diiiaide 
upon the parallelism between the action of adrenalin and the action of 
sympathetic nerves. It is clear that the argument becomes incon- 
clusive in proportion as the parallelism is incomplete. Thus if adrenalin 
_ only produced the same effect as the sympathetic in a single case, no | 
stress could be laid upon it. Now the parallelism though considerable 
is incomplete’. Elliott suggests for these exceptions that the response 
to adrenalin depends on the number of nervous stimuli*. This however 
seems to me essentially to alter the argument.’ The fundamental fact 
in this case is that a substance capable of reacting to adrenalin is formed | 
in the myo-neural junction as the result of nervous stimulation ; and it 
is inferred from this that the rest of the myo-neural junction which is 
readily responsive to nerve stimulation but not readily responsive to 
adrenalin is formed in some way by the union of the nerve with the 
muscle. Supposing the fact to be established, the inference is ed 
not a necessary consequence. 

It is certain from the action of adrenalin that. all the ‘asioisenes! 
junctions of the sympathetic nerves have not the same chemical 
characters. Further, sympathetic nerves produce motor and inhibitory 
effects in very varying degree in different tissues, so that on the view 
that inhibition and contraction depend on the presence of different 
substances in the myo-neural junctions, hardly any two 
_ junctions can have the same chemical nature. 

Other differences in the synaptic substance connected with any one 
system of nerves are shown by other poisons, Thus according to Dale’ 
chrysotoxin paralyses most post-ganglionic sympathetic motor fibres, 
but has very little effect on the fibres of this system running to the 
heart and to the dilator of the pupil, and no appreciable effect on the 
similar pilo-motor fibres. Nicotine in the fowl stimulates the synaptic 
substance of some somatic nerves but not that of others. Nicotine in 
vertebrates generally, stimulates nearly all sympathetic nerve cells, but 
it has no appreciable stimulating action on the superior cervical ganglion 
in the rabbit, nor on the ciliary ganglion in the cat. Atropine readily 


paralyses the post-ganglionic cranial secretory fibres, but has very little 
effect on the similar vaso-dilator fibres. 


* The facts I have mentioned earlier (This Journal, xxv. p. 254-5. “1991, and they 
are dealt with more fully by Elliott (op. cit.). 

2 If this were so, one would expect the responsiveness to adrenalin to increase on 
nerve stimulation. I have only made one experiment on the point, but I did not find 
any such increase. 

Dale. Proc. Physiol. Soc. p. Iviii, 1895. (This Journal, xxxm.) 
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. Both stimulation and paralysis imply a combination of the poison with some substance, _ 
so that an action of whatever nature implies some similarity in the substance acted on. 
The different physiological effects produced by the combination may be regarded as due 
to minor differences, such as the presence of different radicles in (or the existence of 
different molecular associations of) the substances primarily affected. Thus a broad 
chemical similarity may exist in the connections of different nerve systems, though 
physiologically their behaviour is different. And it is, I think, conceivable that combinations 
should be formed by poisons which have no effect observable by our present methods ; and 
in that case there may be still wider similarities between the connections of different 
systems of nerves. 

When we compare the action of different poisons on different 
systems of nerves we have evidence not only of differences in the 
- synaptic substance of any one system of nerves, but of resemblances 
between the synaptic substance of different systems. 

Thus in the cat nicotine paralyses somatic nerve fibres more readily 
than it paralyses some pre-ganglionic fibres, but less readily than it 
paralyses others, so that in this respect some pre-ganglionic synaptic 
substance more nearly resembles the synaptic substance of somatic nerves 
than it does the synaptic substance of other pre-ganglionic fibres. __ 

Apocodeine according to Dixon first paralyses pre-ganglionic fibres, 
then it paralyses somatic nerve fibres and post-ganglionic vagus fibres 
in the heart, lastly it paralyses certain but not all post-ganglionic 
‘sympathetic fibres. Here then certain cranial autonomic synaptic 
substance and certain sympathetic synaptic substance are more alike 
than either is to the synaptic substance of its own system of nerves. 

Atropine readily paralyses most post-ganglionic cranial autonomic 
fibres, but it has a comparatively slight effect on the cranial viscero-motor 
‘fibres, and little if any on the cranial vaso-dilator fibres. On the other 
hand it readily paralyses the sympathetic sudoriferous fibres, and in 
rather larger amount (in the cat) the sympathetic salivary fibres. Then 
it passes (in the rabbit at any rate) tothe sacral autonomic fibres 
which cause drawing down of the rectum. Thus atropine shows greater 
resemblances in the synaptic substances of some of the nerves of three 
classes than obtains between the synaptic substance of any one class. 

These and similar instances in the action of other poisons show, I 
think, that the characters of the synaptic substance as a whole do not 
depend upon the system of nerves with which it is connected. 

Hence the simple view, which is at first sight suggested by the 
preferential action of poisons, that a nerve fibre of a given system on 
union with a cell gives rise in it to a definite substance, is untenable. 

This however does not necessarily exclude the central point of 
Elliott’s theory, viz. that the myo-neural junction is formed as a conse- 
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- quence of union of nerve and muscle, but it seems to me to necessitate 
a modification in the statement of it. We must suppose, either that in | 
each class of nerves there are a number of varieties, and that each 
variety ‘gives rise to its own kind of synaptic substance, or that the 
nerve fibres in each class are the same, but give rise to different synaptic 
substances because the cells in which the nerve fibres end are different. 
The former hypothesis shifts the differences from cell to nerve fibre’; 
the latter allows intrinsic differences in the cell, but considers that these 
have no functional value unless nerve union occurs. Both have the 
stumbling-block in their way, that the synaptic substance does not 
degenerate on degeneration of the nerve fibres. 
Lastly we might suppose that the synaptic substance is saetly 
_ formed independently by the cell, and partly formed in it by a chemical 
action of the nerve fibre. A priori much might be said for this view. 
But the only instance in the action of the poisons mentioned above 
which tends to show that a nerve fibre can give rise to a special 
substance in a cell.is, I think, the action of eserine described by Anderson 
(cf; p. 404). This substance degenerates on degeneration of its nerve 
supply. 
_ In the yrecading theoretical account I have endeavoured to state as 
briefly as possible the issues which seem to me to be involved. In view 
of the numerous points which require experimental investigation, a full 
discussion would clearly be premature. 


GENERAL RESULTS AND CONCLUSIONS. | 


Nicotine causes in certain muscles of the fowl prolonged contraction. 
The muscular contraction is also obtained after section of the nerves to 
the muscle and after paralysis of the nerves by nicotine or by curari. 

The nicotine contraction is diminished by injection of a sufficient 
dose of curari. The two poisons are mutually antagonistic as regards 
stimulating effect on the muscles; but the action of nicotine is more 
powerful than that of curari. 

At the height of the nicotine contraction a galvanic current causes 
partial inhibition. 

Degeneration of the nerves  apeltee the muscles ies essentially 
unaltered the effects described above; but there is evidence of an 
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increased responsiveness to nicotine. The action of curari is less 
marked, but that may be due to an increased sensitiveness to nicotine. 
Since there is evidence that the axon-endings in skeletal muscle 
degenerate after section of the nerves supplying the muscle, I conclude 
that nicotine and curari do not act on the axon-endings but on the 
muscle itself. Further, since both nicotine and curari prevent nervous 
impulses from affecting the contractile substance, but do not prevent the 
muscle from contracting on direct stimulation, I conclude that the poisons 
do not act directly on the contractile substance, but on other substances 
in the muscle which may be called receptive substances. 
The evidence with regard to striated muscle seems to me to be on 


_ @ sufficiently firm basis to allow the deductions drawn from it to be 


applied to other cells, with regard to which there is more or less 
evidence of a similar kind. 

Thus there is evidence that the majority of substances which are — 
ordinarily supposed to act upon nerve-endings (as nicotine, curari, 
atropine, pilocarpine, strychnine) act upon the receptive substances of 
the cells. 

And as adrenalin, an internal secretion, acts upon receptive ssieiinie. 
it is probable that secretin, thyroidin, and the internal secretion formed 
by the generative organs, also act on receptive substances, sane le in 
these cases the cells may be unconnected with nerve fibres. 

So we may suppose that in all cells two constituents at least are to 
be distinguished, a chief substance, which is concerned with the chief 
function of the cell as contraction and secretion, and receptive substances 
which are acted upon by chemical bodies and in certain cases by nervous 
stimuli, The receptive substance affects or is capable of affecting the 


metabolism of the chief substance. 


A study of the action of different poisons shows—on the theory just 
given—that the receptive substance of cells, even of the same class, 
varies considerably. This I consider is mainly due to an inherent 
tendency to variation in the chemical nature of the cells, so that even 
in the same class of cell the receptive substances formed are commonly 
not identical. 

In unstriated muscle and glands the innervation varies widely in 
degree, and in some cases no nervous action can be shown; this 
difference may, I think, reasonably be attributed primarily to a different 
responsiveness to nervous stimuli of the receptive substances, and it 
seems to me possible that in some cases nerve-endings are present 
which are unable to influence _ cell. No doubt such ineffective 
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nerves would tend to disappear by natural selection. No doubt also, 
when a nerve is efféctive, the frequency with which it is put in action 
would tend to increase the receptive substance by use (just as the cell — 
as a whole is increased by use) and so to check the tendency in the cell 
to further chemical change. | 

The different degree of tone of the tissues is probably also in pest 
due to the responsiveness of the receptive substance. 

Many chemical bodies show a more or less marked preference for the 
receptive substance connected with certain classes of nerves. And this 
is the case also, when a tissue (unstriated muscle and gland cells) is" 
innervated from two different systems of nerves. This preference 
I connect with a similarity in the receptive substance due to each 
system of nerves becoming functionally connected with cells at approxi- 
mately the same time in phylogenetic development. The conditions . 
leading to the formation of receptive substance would be in general 
similar, and the receptive substance of many of the cells would me 
common characters. These tend to become fixed by use. 

The fundamental point of the views here put forward, viz. that the 
poisons act on some constituent of the cells and not on the nerve- 
endings, is the same as that put forward earlier in relation to the action 
of nicotine on nerve cells and of adrenalin on unstriated muscle and 
glands. But at that time I did not see my way to decide what 
constituent of the cell was acted on. The subsequent work mentioned — 
in the Introduction, and especially that of Elliott on the action of 
adrenalin, made the issues clearer. Elliott does not agree with my 
conclusion that adrenalin acts on unstriated muscle, but so far as the 
state of things in the adult is concerned, the difference is verbal, since 
he regards the substance acted on as being in trophic dependence on > 
the muscle. This substance he places, as did Brodie and Dixon, at the 
junction of the nerve with the muscle proper. With this conclusion 
I agree up to a certain point. On my view, the myo-neural junction is 
a part of the receptive substance localized in the neighbourhood of the 
axon-ending, and I. think it unlikely that in all cases of axon-endings 
the receptive substance occurs only as a connecting link. Elliott’s 
suggestion that the motor or inhibitory effect upon a cell depends upon 
the nature of the myo-neural junction is, I think, sound. And, to put 
the matter in more general terms, I consider that a cell may make > 
motor or inhibitory receptive substances or both, and that the effect of 
a nervous impulse depends upon the proportion of the two kinds of 
— suipoenens which is affected by the impulse. 
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With Elliott's view that the myo-neural junction is developed solely 
in consequence of nerve union I do not agree, chiefly because the myo- 
neural junction does not degenerate on degeneration of its nerve. And 
the early action of certain poisons on the embryo seems’ to me against 
this view. Further, the action of poisons in the adult shows considerable 
differences on the receptive substance connected with the same system 
of nerves, and sonie resemblances in the receptive substance connected 
with certain nerves belonging to different systems. It is clear then 
that the nerve fibres of a given system on union with cells do not give 
rise to the same synaptic substance. Hence the dissimilarity of the 
synaptic substance must be due to intrinsic differences either in the 
nerve fibres belonging to any one system, or in the cells in which they 
end. On the whole the latter alternative seems to me more probable. 
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THE PARALYSIS OF INVOLUNTARY MUSCLE. Part III. 

_ On the action of pilocarpine, physostigmine, and atropine 
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InrRopvcTion. Notwithstanding numerous investigations into the 
action of physostigmine recent authors disagree in describing the 
manner in which it affects the iris. Schmiedeberg’ thinks (1) that 
physostigmine can act directly upon. the sphincter muscle because it 
constricts the pupil after moderate doses of atropine, and (2) that it acts 
upon the dilatator because muscarine causes greater constriction of the 
pupil than physostigmine. On the other hand, Schultz? failed to 
observe any constriction of the pupil four days after the removal 
of the ciliary ganglion even with free application of a 5°/, solution 
of physostigmine to the eye, and he, therefore, concludes that this 
drug acts only on the endings of the short ciliary nerves. With regard 
to Langendorff’s®* view that the paradoxical dilatation observed after 
the application of eserine is caused by a stronger contraction of the 


1 Schmiedeberg. Grundr. der Arzneimit. 1895, p. 108; of. also Harnack and 


Witkowski, Arch. f. exp. Path, u. Pharm. v, p. 492, — and Harnack, Ibid. xu. 
p. 337, 1880. 


*P. Schultz. Arch, (f. Anat.) u. Physiol, 1898, p. 70. 
Klin. Mon. f. Augen. 1900, p, 823. 
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denervated than of the normal dilatator, I have shown elsewhere! that 
eserine does not cause paradoxical pupil-dilatation unless its application 
is attended by excitement of the animal. This paradoxical effect cannot, 
therefore, be referred to a direct action of the drug on the denervated 
dilatator. 

The argument used by Sekesiadekious:i in localising the action of 
physostigmine has been applied to pilocarpine also by Harnack and 
Meyer*. Pilocarpine, unlike physostigmine, does not constrict the 
pupil after moderate doses of atropine and is, therefore, supposed to act 
upon the nerve-endings only. This conclusion postulates the generally : 
accepted view that atropine acts in the first place upon the nerve 
endings. As regards the further question, whether atropine in larger 
doses paralyses the sphincter muscle opinion is divided. Harnack?® 
describes such paralysis, but Schultz‘ following Bernstein and- 
Dogiel® finds that the sphincter is excitable even after large doses. 

But deductions from the antagonistic behaviour of drugs are to be 
made with caution and especially when the action of neither antagonist 
alone has been determined. I have, therefore, studied the action of 
each drug separately ups the decentralised and denervated muscle of 


The drugs used were pure eserine (or occasionally physostigmine 
hydrochloride)‘, pilocarpine nitrate, and atropine sulphate, all of which 
were obtained from Messrs Merck. They were dropped into the eyes 
from a fine pipette, each drop being about ‘04 c.c., and in comparing the 
action of a drug on the two sides special care was taken to add an equal 
amount to each eye and to see that the whole dose was absorbed. The 
possibilities of error in this method were controlled by repetition of the 
observations, and sometimes, in the event of an unequal response of the. 
pupils, by obtaining the same result even after purposely adding more 
of the drug to the eye which gave less response (cf. Exp. 18), With 


1 Anderson. This Journal, xxxt. p. 299. 1903. Levinsohn, Archiv (f. Anat.) u. 
Physiol. 1904, p. 479, has recently criticised these observations on the supposition that 
I used a 5°), solution of eserine, but as stated in my paper I used a ‘5°/, solution. I have 
result. 

* Harnack u. Meyer. Archiv f. on. Path, u. Pharm, xu. p. 380, 1880. 

3 Harnack, Archiv f. exp. Path. u. Pharm. xu. p. ‘839. 1880. 

*P, Schultz. Loc. cit. p. 54. 

5 Bernstein und Dogiel. Verhandl, nat. hist. med. Verein zu Heidelberg, 1866, 
quoted from Schultz, loc. cit. i: 

{shal weak throughout hi oper of bt in the deta experiment 
IT have noted which preparation was used. 
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these precautions the method seems to involve fewer possibilities of 
error than the method of injection, because after general intoxication 
changes may occur in the pupils which are due not really to the direct 
action of the drugs but to their effect on the secretions, respiration, or 
blood-supply. 

All my experiments were performed on cats under anwsthesia with 
strict antiseptic precautions. The operation for the removal of the 
ciliary ganglion or section of its branches.was that already described’. 
It can be performed without injury to the long ciliary sympathetic 
fibres, but some of these must be divided if the accessory ganglia are 
also removed. Intracranial section of the oculomotor nerve was per- 
formed after trephining the parietal bone and raising the temporal 
lobes of the brain from the middle fossa, For this method I am 
indebted to the kindness of Sir Victor Horsley. 


- I shall continue to use the expression ‘nerve-ending’ in its customary 


sense, and not as.used by Brodie and Dixon recently*, I shall also 


speak of the sphincter as ‘ decentralised’ after section of an oculomotor 
nerve and as ‘denervated’ after removal of the ciliary and accessory 
ciliary ganglia. This begs the question, it is true, whether the sphincter 
receives efferent fibres from other sources than the oculomotor nerve or 
its ganglia, but may perhaps be excused for the sake of brevity. 


The eyes were examined in the dimmest light sufficient for the 
observation of the pupils except where a contrary statement is made. 
In this way the reflex tone of the normal sphincter was almost 
eliminated. | 

A preliminary account of some of the observations described later 
was given at a meeting of the Physiological Society in May, 1905°. 


PILOCARPINE. 


on the sphincter. After section of 
an oculomotor nerve within the skull pilocarpine not only constricted 
the paralysed pupil actually more than the control, but also constricted 

it for a longer time (cf. Exp. 1). A similar result was also obtained on 
_ six occasions between the 151st and 286th days in Exp. 6. 


This p. 158, 1905. 
* Brodie and Dixon. This Journal, xxx, p. 494. 1904. 
* Anderson. Proc, Phys. Soc. 1905, p. xlix (this Journal, xxx.) 
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Exp. 1. Oat. Left oculomotor nerve cut close to the brain and reflected. © 
19th day. Left pupil almost maximal : no light reflex. 

12.45, 2 drops 1°/, pilocarpine applied to each eye. 

2.45. Left pupil 2 mm. wide, right in dim light 4mm. - 

8.45. Left pupil 4 mm., right widely dilated. ‘ 

. Similar results on the 26th, 27th, and 32nd days. 


Action of pilocarpine on the denervated sphincter. After removal of 
the ciliary and accessory ciliary ganglia pilocarpine again caused greater 
and longer constriction of the paralysed pupil (cf. Exp. 2). A similar 
result was obtained in another cat also on the 115th and 119th — of 
the experiment. 


Exp. 2. Cat. Cary and removed together with he gener 
portion of the ciliary nerves. Both sup. cervical ganglia also excised. 
9th day. Left pupil almost maximal: visible rim of iris 1 mm. wide. 
11,10. 1 drop 1°), pilocarpine applied to each eye. 
1,30, Left pupil $ mm., right in dim light 8 mm. 
14th day. Left pupil almost maximal. 
2.25. 1 drop 1 °/, pilocarpine applied to each eye. Byes examine in im ight 
2.50. Left pupil 4 mm., right 10 mm. 
8.5. Left 1°5 mm., right 4 mm. 
8.30. Left 1°5.mm., right 3 mm. 
4.50. Left 4 mm., right 10 mm. 
5.50. Left 5 mm., right widely dilated. 
Similar results on the 28th, 58th, and 72nd days. 


The unavoidable lesion of the long ciliary nerves in these last two 
experiments had to be neutralised by the excision of the superior 
cervical ganglia. But in Exp. 3 the ciliary ganglion alone was removed, 
and yet the same result was obtained. There was no reason, therefore, 
. to suspect the sympathetic lesion even as a partial cause of the increased 
excitability of the denervated sphincter. It will also be seen that 
atropine prevented constriction by pilocarpine when applied first, and 
annulled it when “ee afterwards. But this result will be discussed 
later. 


Exp. 8. Cat. Left ciliary ganglion excised. 
7th day. Left pupil almost maximal, visible rim of iris 1 mm. wide: no light reflex 
10,45. 1 drop 1°/, physostigmine applied to each eye. 
12.30.. Right pupil a slit, left very slightly constricted. 
12.31. 1 drop 1°/, pilocarpine applied to left eye. 

1.30. - Left pupil 8 mm. wide. - 

8th day. Left pupil almost maximal. - 
11.0, 1 drop 0-5 %/, atropine applied to left eye. 
12.45. 2 drops 1 pilocarpine applied. 

2.45. No constriction since. 
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14th day. Left pupil almost maximal: no light reflex. 
2.28, 1 drop 1°/, pilocarpine applied to each eye, 
2.48. Left pupil 2 mm. wide, right 7 mm, in dim light. 
8.3. Left a slit, right 2 mm. wide, 
8.48. Left a slit, right 4 mm. wide. 
5.50, Left 3 mm. wide, right much dilated. 
28th day. Left pupil almost maximal as on 7th day: no light reflex. 
10.25. 1 drop 1°, pilocarpine applied to each eye. 
10.35. Left pupil 2 mm, wide, right 7 mm. even in dull daylight. 
10,45. .1 drop 0°6 °/, atropine applied to each eye. 
10.50. Left pupil a slit, right 6 mm. wide. 
12.0. Both pupils almost maximal, left a little the larger. 
8.0. Pupils equal, visible rim of iris 1 mm. wide each side. | 
Pilocarpine also continued to evoke an exaggerated and prolonged 
constriction of the paralysed pupil when the short ciliary nerves had 
almost regenerated after section (cf. Exp. 18). 


Relative effect of pilocarpine upon the decentralised and denervated 
sphincter. Observations were made after the application of pilocarpine 
on four cats in which the sphincter had been decentralised on one side 
and denervated on the other. In 14 of these observations greater effect 
was observed on the decentralised side, but in the remai ning four (three 
’ of which were made during the first five days of the experiments), the 
difference between the two sides was slight and inconstant, first one 
pupil then the other being the larger (cf. Exp, 5), 


Expr. 5. Cat. Left oculomotor nerve cut, right ciliary ganglion excised. 
2nd day. Pupils equal, visible rim of iris about 2 mm. wide each side. 


10,45. 1 drop 1 °/, pilocarpine applied to each eye. 


11,45, Left pupil 4°5 mm. wide, right 3°5 mm. _ 

12,15. Left 3°5 mm., right 4 mm. 

1,10, Left 5°5 mm., right 45 mm. : 

2.10. Left mm., right 7 mm. 
4th day. Similar results. 
5th day. Pupils equal and dilated as before, * 

11.10. 2 drops 1°/, pilocarpine applied to each eye. 

12,10, Left pupil 1 mm. wide, right 1°5 mm. 

2.0. Left 1 mm., right 2 mm. 

8.0. Left 5 mm., right 6 mm. 

5.0. Left 8 mm., right 10°5 mm. 

pupil being 1 mm. to 2 mm. wider at corresponding times. 


The balance of evidence was, therefore, in favour of a relatively 
greater excitability on the decentralised side as in the observations 
made after dyspnoea and death in similar experiments’. 

1 Anderson. This Journal, xxx11. p. 171. 1906. 
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Action of physostigmine upon the decentralised sphincter. In Exp. 6 
the decentralised pupil was much smaller than the control an hour and 
more after the application of physostigmine to each eye on the 68th 
day, but it did not become as small as the control had been earlier. 
Similar observations were made later in this experiment, and also in — 
two other cats, in one on the 20th and 25th days of the experiment, in 
another on the 7th day. 


After section of an oculomotor nerve, therefore, both pilocarpine and 
physostigmine caused a more prolonged constriction of the paralysed 
pupil than of the control, but pilocarpine alone caused an actually 
greater constriction. 


It is interesting to notice in connection with these results that 
Tolouse and Vurpas' have detected in persons suffering from. general 
paralysis an altered reaction of the pupils even before paralysis of the 
striated muscles, Using physostigmine and atropine in solutions of 
1 in 10,000 they find that the reaction of the pupils (1) has a longer 
latent period than normal, (2) is slower to attain its maximum, and 
(3) lasts three times as long. They attribute these changes in the 
reaction to weakness of cortical inhibition. 


Exp, 6. Left oculomotor nerve out close to the brain and reflected. 
68th day. Left pupil almost maximal since the operation : no light reflex. 


12.25, Left pupil 2 mm., right a slit, even in very dim light. 
1.30, Left 2 mm. and has not been narrower, right 4 mm. 
8.30. Left 4 mm., right 6 mm. 

Similar results on the 108th and 146th days. 

151st day. Left pupil still almost maximal. 


11.45, 1 drop 1°, pilocarpine applied to each eye. 
12.45. Left pupil 8 mm., right 6 mm. 


Similar results on the 158rd, 214th, 227th, 271st, and 286th days. 
264th day. Left pupil no longer as widely dilated, but no light reflex. 


11.45. 1 drop 1°/, physostigmine applied to each eye. 

12,80. Left pupil 4-5 mm., right a slit, even in very dim light. 
2.15. Left 5 mm., right 2°5 mm. 


Tolouse and Vurpas. Rev. Neur, xt. p, 826, 1903, 
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_ 810th day. Narrowing of pupil slightly greater than on 264th day, but no light reflex. 
1.15, 2 drops 1°/, pilocarpine applied to left eye. 

2.30. Left pupil 4 mm. wide, but no light reflex. . 

2.45. 1 drop 1°), eserine 

8.45, papll but distinct light reflex’ now. 


995th day. Light reflex readily obtained after serine alone, but none atterpilocarpine 
alone on 328th, 397th, and 400th days. 


892nd day. Left pupil slightly smaller, visible rim of fis now 8 mm. wide, but n 
light reflex. 
12.16. 1 drop 1°), eserine applied to each eye. 
12.46. Left pupil 8 mm.., right a slit. 
2.16. Left 5 mm. disk ligh(, cighh oil slit, even ip light. 
8.6. Left 6 mm., quick response to light, right scarcely dilates at all in dim light. 


_ 898rd day. Left pupil constricts readily from 10 to 8 mm. on bringing cat into bright 
light; right. pupil does not dilate to more than 2 mm. even after closing eyelids. This 
continuance of the light reflex on the following day, after the application of eserine, was 
observed again with equal distinctness on the 398th and 407th days. 

But after the application of physostigmine at later dates the control 
pupil in Exp. 6 (and in one other long experiment) did not subsequently 
become larger than the paralysed pupil as it had at earlier dates. It 
should be noticed, however, that at these later dates the control pupil 
was almost a slit in dull daylight, did not dilate to more than 2 mm. 
wide even after closing the eyelids, and even after an hour or more in 
darkness dilated only to8 or9 mm. The prolonged constriction of the 
paralysed pupil by physostigmine may have persisted, therefore, even 
on the 392nd day though no longer obvious on account of the exag- | 
geration constriction of the control. For the latter constriction I am at — 
present unable to account. _. 

Effect of physostigmine on the light reflen. In Exp. 6 the paralysed 
pupil began to narrow slightly in the 6th month and soon afterwards 
responded quite well to light under the influence of physostigmine, but 
under normal conditions it gave no trace of ‘a response to light even 
15 months after section of the oculomotor nerve, though by this time it 
had narrowed to a width of 9 mm. The light reflex also persisted for 
about 24 hours after the application of the physostigmine and during 
this time an increased but diminishing constriction of the pupil 
continued. But pilocarpine, though it constricted the pupil even more 
vigorously than physostigmine, did not restore the high reflex. Similar 
observations were also made during the 3rd to 6th months in another cat 


in-which the paralysed ne began to narrow even as early as the 
3rd month, 


Inthe 17th mont ater the operation the ‘began to respond slightly 
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In this latter cat, the local application of physostigmine to the ciliary 
nerves and ganglion did not make stimulation of the regenerating 
oculomotor fibres effectual or increase the excitability of the ganglion 
or its branches, and in Exp. 7 this application even depressed the 
excitability of the nerves and ganglia. The physostigmine did not, 
therefore, facilitate the light reflex by an action on the nerves or ganglia 
of the constrictor tract. . 


Expr. 7. Cat. 11.40. Ether, 


11.50. Left ciliary ganglion and branches exposed, oculomotor nerve eit cids side 
stimulated, ¢= 27 no effect, c= 26 slight constriction ; ciliary nerves stimulated, 
c=28 no effect, c= 27 slight constriction. It was necessary in these observa- 
tions carefully to exclude mechanical stimulation. When the electrodes were 
placed on the ganglion constriction was observed. 

12.15. Left pupil 8°5 mm. wide. Warm 1°, eserine painted on the ee 
nerves, excess removed with sponge. 

12.25. Left pupil has gradually dilated to a width of 11 mm. 

12,30, . Ganglion stimulated, c=18 no effect, c= 16 slight constriction ; nerves stimulated, 
c= 20 no effect, c= 19 slight constriction. 

12.50. Ganglion, c=26 slight constriction, c=27 none ; nerves, c=27 slight constriction, 
none. Pupil now 8 mm. wide. 

1.0. Paint nerves and ganglion again with eserine. Same dilatation of pupil and 
lowering of excitability with subsequent recovery of excitability and constric- 

- tion of pupil. 

2.2, Observation repeated again with same result. 

8.25. Right ciliary ganglion and nerves exposed. Left pupil, slight constriction on 
stimulating ciliary nerves when c=23, none when c=24. Right pupil, the 

3.40. Cannula in left femoral vein, pupil now 4°5 mm. on left side, and 11 mm. wide on 
right. Inject 1 c.c. 1%/, eserine. The pupil dilated almost immediately. The 
breathing also became very fast and artificial respiration had to be applied. — 

3.45, Cat breathing again, but rapidly. Left pupil now 10mm. Slight constriction 

| on stimulating left ciliary nerves when c=27, not when c=28. 

3.57. Slight constriction first seen when c= 28. 

4.17. Constriction when c= 29, not when 

4.30. The same. 


The ciliary neurones wohl not be directly injured by section of the 
oculomotor nerve in the skull. There is also no evidence of change in 
the structure or excitability of the peripheral ganglia after decentra- 
lisation’, Certainly the ciliary ganglion 6 months after decentralisation 

1 Anderson. This Journal, xxvitt. p. 509. 1902. Levinsohn, Arch. (f. Anat.) Ue 
Physiol, 1908, p. 456, finds, after section of a cervical sympathetic nerve, that stimulation 
of the lower end of the superior cervical ganglion is ineffectual, and concludes from this 
observation that the lower end of the ganglion had suffered change, but Langley and I 


(this Journal, xin. p. 464, 1892) had already shown in the rabbit by the use of nicotine 
that the pupillo-dilatator cells were in the upper and not in the lower part of the 
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responded as readily to electrical stimulation as the control, and showed 
no abnormality in the size, number, or structure of its cells. The failure 
of the light reflex under normal conditions in Exp. 6, and in the other 
experiment like it, must, therefore, have been due primarily to the 
feebleness of the impulses transmitted by the imperfectly regenerated 
oculomotor fibres. 

In another experiment also (Exp. 9) in which, after removal of 
@ ciliary ganglion, the oculomotor nerve had rejoined the accessory 
ganglia the direct light reflex returned several weeks before the 
consensual, This suggested that in the consensual reflex the impulses 
excited by light were weakened by their passage through one or more 
additional neurones in the indirect path. 


Action of physostigmine wpon the denervated sphincter. A few an 
after the removal of the ciliary ganglion physostigmine did not constrict 
the pupil in one cat, but constricted it slightly in another (Exp. 11). 
This latter result was also obtained in another cat, in which the short 
ciliary nerves had been recently cut (Exp. 18). But these observations — 
did not necessarily invalidate P. Schultz’s conclusion about the action 
of physostigmine. On the contrary, his view presupposes the possibility 
of slight constriction in such cases, because the accessory ciliary ganglia 
remain in connection with the sphincter. And indeed in nine other cats 
physostigmine did not constrict the pupil after excision of . these 
accessory ganglia also. My experiments show, therefore, that physo- 
stigmine does not excite the sphincter when all the ciliary nerves have 
degenerated and so far they confirm the conclusion of Schultz. 


Schultz removed the superior cervical ganglion in his experiments because he 
thought contraction of the sound dilatator might conceal a slight effect of physostigmine 
upon the paralysed sphincter. In my experiments also the dilatator was necessarily 
paralysed to some extent when the accessory ganglia were removed, and in two of them 
the superior cervical ganglion was excised also. But the excision of this ganglion 

the dilatator to paradoxical contraction and may thus introduce the very 
factor Schultz wished to exclude. I have, therefore, taken special care to avoid excite- 
ment of the cats when observing the pupils in such experiments. _ 


- But a few months after the removal of a ciliary ganglion the light 
reflex in two kittens had almost completely returned (ef. Exp. 9), and 


even in two adult cats physostigmine constricted the pupil to 2 or 3mm. 
2 months after such denervation (cf. Exp. 9). 


Exr.9. Kitten, 2 months old. Left ciliary ganglion excised. 
17th day. Left pupil for first time seen to be slightly constricted. 
22nd ,, Pupil slightly smaller, but no reaction to light. 
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49nd day. Good response to light, pupil of medium size in sunlight. : 
Qist , Pupil constricts to $ mm. in sunlight. Consensual light reflex detected for 
first time, but slight. 
828th ,, Pupil constricts to 2mm. now, not quite regular. The malar side is very 
slightly more dilated. Quick consensual light reflex. 


836th ,, Stimulation of oculomotor nerve within the skull. Constriction of pupil 
_ before but not after injection of nicotine, but constriction obtained after 
nicotine on stimulating an accessory ganglion. 


Exe. 10. Oat. Right ciliary ganglion excised. 
2nd day. 11.15. 1 drop 1°), eserine applied to right eye. 
11.45. Right pupil 8 mm. wide. 
8rd _,, no constriction after eserine. 
4th ,, | Good constriction after pilocarpine. 
35th ,, Pupil now constricts to 6 mm. after eserine. 
54th ,, Pupil 3 mm. wide after eserine, but dilated slightly more on malar side. 
| widely dilated. No light reflex. 
1.5. 2 drops 1 °/, eserine applied to right eye. 
2.15. Right pupil 2°5 mm., almost regular. 


It was evident that the oculomotor nerves had rejoined the accessory 
ganglia in the two kittens. But even this regeneration did not satis-— 
factorily account for so complete a return of the light reflex, and it 
certainly. was not the sole cause of the reaction of the paralysed pupil to 
physostigmine, because this reaction continued even after subsequent 
intracranial section of the oculomotor nerve in Exp. 11. 


Exp. 11. Cat. Left ciliary ganglion excised. 

7th day. Left pupil almost maximal: no light reflex. 
10,45. 2 drops 1°/, physostigmine each eye. 
12.30. Left pupil very slightly smaller, right a slit. 

49th day. Left pupil almost maximal still: no light reflex. 
11.0. 
12.0, Left pupil 7 mm. wide. 

50th day. Left oculomotor nerve cut within the skull. 


5lst day. Left pupil almost maximal. Ses 
4.20. 2 drops 1 °/, physostigmine left eye. 
5.20. Only very slight constriction of pupil. 
52nd day. Left pupil almost maximal. 
11.20. 38 drops 1 °/, physostigmine left eye. 
12.20. Not a trace of constriction. 


59th day. Left pupil maximal. 


11,85, 2 drops 1°/, physostigmine left eye. 


12.15. Left pupil 6-6 mm. wide. 
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Tist day. The fibres of the oculomotor nerve were all degenerated, and many de- 
générating fibres weré traced in the scar-tissue between it and the ciliary brauches. In the 
latter also there were many medullated fibres degenerating even close to the eyeball, but 
there were also many sound, the majority of which came from the long ciliary branches. 
_ But there was another factor to be considered in these experiments 
besides regeneration. Denervation increases the excitability of the 
sphincter. This is shown by the paradoxical contraction of the 
denervated muscle after dyspnoea’ and by its exaggerated response 
_ to pilocarpine (Exps. 2 and 3). This increase of excitability might, 
therefore, eventually enable light and physostigmine to constrict the 
pupil although the remaining ciliary cells were but few, and the 
completeness of the constriction might be merely a result of a greatly 
increased response from the paralysed, muscle. , 

I, therefore, removed the accessory gafglia and att: of the ciliary 
nerves from eight cats. But, nevertheless, there was a gradual return of 
the reaction to physostigmine in every case. And yet the iris, though 
reacting readily to physostigmine, gave no light reflex then or even 
much later, nor could any contraction of the sphincter be elicited on 
stimulation of the ‘ciliary’ branches on the optic nerve or in the 
sclerotic. Dissection after death also failed to discover any nerve cells 
on the remaining portions of the ciliary branches, in the scar-tissue, on 
the ophthalmic branch of the trigeminal, or on the oculomotor nerve 
(cf. Exps, 12, 13, 14) except in one experiment and then only 29 cells 
were found. Moreover, in two of these experiments the reaction of the 
denervated sphincter to physostigmine was eventually so great and so 
prolonged, that the paralysed pupil in dim light was smaller than the 
control an hour or more after an equal dose of physostigmine had been 
applied to each eye (cf. Exp. 17, 343rd day). And this result was not 
due to the lesion of the dilatator nerves involved in the removal of the 
accessory ganglia, because in both these experiments the superior 
cervical ganglia were also removed to neutralise this lesion. 

Exr. 12. Left ciliary ganglion excised together with the ciliary nerves almost to the 
bulb of the eyeball. 

10th day. Left pupil almost maximal since the operation, 4 drops 1°/, physostigmine 
applied to left eye: no constriction. | | 

12th day. 1 drop 1s plloearpine applied to left ey, left pupil consrioted trom 
almost maximal size to 2 mm. width. 

14th day. 4 drope 1°, physostigmine applied to left eye: no constriction. . | 

15th day. 1 drop 1°, pilocarpine applied to left eye, left pupil constricted to 3 mm. 
width in 4 an hour. 


Anderson. This Journal, p, 166. 1905. 
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POISONS ON IRIS. | 425 
82nd day. 2 drops 1°/, eserine applied to left eye: no constriction. 
" 47th day. Left pupil almost maximal still : no light reflex left eye. 
10.15, 2drops 1°), physostigmine applied to left eye. 
11,25. Left pupil now only 8 mm. in width. Th ovr pinot 
points. 
66th day. Left pupil still widely dilated: no light reflex. 


11.40, 2 drops physostigmine applied to left eye. 
12.30. Left pupil constricted to about 8 mm. in width. 


68th day. Ether. Optic nerve exposed and stimulated with surrounding tissue and 
nerves, only dilatation seen. Oculomotor nerve in orbit stimulated, no effect on pupil. 
Sclerotic stimulated, only local dilatation seen, no local constriction. 
stimulated, good dilatation, no constriction of sphincter. 

The remaining portions of the ciliary nerves, the oculomotor nerve, and the ophthalmic 
branch of the trigeminal, were all carefully teased, and also the scar-tissue around the 
optic nerve. No nerve cells were found, however, but there were many medullated fibres 
in the scar-tissue and in the remnants of the ciliary branches. 


In Exp. 12 the superior cervical ganglion remained and its branches 
had regenerated functionally across the gap in the ciliary nerves so that 
stimulation of the fibres replacing the old ciliary nerves caused 
a dilatation of the pupil which might have masked slight constriction. 
But in six other cats in which this ganglion had been removed there 
was neither dilatation nor constriction on stimulation of these fibres 
under normal conditions, even when the electrodes were applied over 
the sclerotic and a strong current employed (cf. Exps. 13, 14). 

It was by no means obvious, therefore, why the sphincter responded 
again to physostigmine after removal of the ganglia and at first it 
seemed probable that it had regained excitability after a period of 
shock. But further observations soon suggested objections to this 
view: (1) the responses returned at different times after the denervation 
and returned later when the ciliary nerves had been more thoroughly 
removed, (2) it did not return equally or at the same time to the whole 
sphincter, and (3) it disappeared a second time when the branches 
round the optic nerve were cut close to the eyeball. 


(1) The response generally returned from the 5th to 7th week, but 
this time varied from 8 weeks in an early experiment, in which the 
ciliary nerves were not removed beyond the accessory ganglia to 8 weeks 
in the last in which the greater part of these nerves were excised, and 
in one cat (Exp. 16) in which the oculomotor nerve had been cut 
within the skull before the removal of the ciliary nerves and ganglia, 
the response did not begin to return till 5 months after the dener- 
vation. 
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(2) In Exp. 12 the unequal contraction of the sphincter on the 
_ 47th day has already been noticed, but more special attention was paid 
to this matter in Exp. 17, and I have drawn in Fig. 1 a, 6, c, diagrams 
representing the form and size of the pupil in Exp. 17 after the 
application of physostigmine on the 38th, 60th, and 107th days. On 
the 27th day no constriction was seen’. | | 


‘ Tt will be noticed that the return of excitability was at first quite 
local and that it gradually spread as the days elapsed. But long after 
physostigmine had begun to constrict the pupil generally, and even 
more than a year after removal of the ganglia, constriction began first 
in the portions of the sphincter which had given the earliest signs of 


7 Details of this experiment will be found on p. 481. 
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returning excitability and continued to be strongest at these points. 
This unequal distribution of contraction was clearly shown by the 
greater puckering of the iris over certain portions of the sphincter. 
Finally, even without the application of physostigmine slight puckering 
was observed at certain points which corresponded with those at which 
constriction had been most marked after physostigmine previously. 
Between these puckered portions the iris seemed to be stretched and 
looked darker in colour. This I have indicated by steepest these 


parr my diagram, Fig. 1 d. 


(3) The observations described in (1) and (2) suggested regeneration 
as the cause of the renewed excitability, I, therefore, waited after 
| anueiiien of the sphincter, in four other cats, till the response to 
physostigmine had returned, and then cut the ‘ciliary’ nerves again, this 
time close to the eyeball. In two cats, in which I cut all the branches, 
the reaction to physostigmine was again abolished (cf. Exp. 13), but in 
_ two, in which the branches were only partially cut, it disappeared only 

from the twice paralysed: portion of the iris (cf. Exps. 14 and 15). In the 
three cats which were kept longer under observation, the response, it is 
true, began to reappear, but only after a month when i siecmaeane 


might have begun again. 


Exp. 13, Ciliary, and superior cervical ganglia exited on th 
left side. 


28th day. pupil maximal, no ration o ight 
40th day. Papil unchanged, but slight reaction to eserine. 
day, Lett pupil slighly narrower than on 40th day, but no light refx. ~ 
12.0. 1 drop 1°, eserine applied to left eye. : 
1.0. Left pupil 2°6 mm., but right smaller even in dim light. — 
3.0. Left pupil now distinctly smaller than right in dim light. 3 
194th day. Cat anwsthetised with ether. ‘Ciliary’ branches stimulated on the optic 
nerve and at several places in the sclerotic. No change in the pupil. 
195th day. Left pupil about ? fall size’. 
11,0, 2 drops 1°/, eserine applied to left eye. 
1.0, Left pupil 4 mm, wide. 
2.15, Left pupil 2°5 mm. 
8.50, Left pupil 3 mm. 


196th day, Left pupil widely dilated again, rim of iris 2 mm. wide. 
1.0. No constriction since, ; 


of mach temporary consirition has Deon ot, Ander. 
son, this Journal; xxxu1, p. 166, 1905, 
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. @11th day. Left pupil as on 196th day. 

2.40, 2 drops 1°/, eserine applied to left eye. 
4.40. No change in pupil since. | 
224th day. Left pupil as-on 196th day. 
10,15. 2 drops 1°/, eserine applied to left eye. 
11,16. Slight but distinct constriction of left pupil. 


nerve cells found on ciliary branches after death. | 
Exe. 14. Cat. Ciliary, ciliary and superior cervical ganglia removed on 
left side. 


85th day. Slight reaction to physostigmine seen for first time since operation. 
_ 90th day. Left pupil almost maximal: no response to light. | 
2.45. 2 drops 1 °/, eserine applied to each eye. a 
“40. Left pupil almost a slit, and smaller than right in dim light. Js. | 
92nd day. Two malar ciliary branches cut near the eyeball. 
94th day. Left pupil almost maximal, no irregularity of pupil. | 
12.0. 8 drops 1°%/, eserine applied to left eye. 
1.15. Nasal side of pupil much straighter than the nasal. 
. 95th day. Left pupil almost maximal. ae 
12.0. 4 drops 1 °/, eserine applied to left eye. 
12.45. Left pupil as in Fig. bat he ala im of wider han 
96th day. Left pupil almost maximal. 
12,15, 8 drops 1°), eserine applied to each eye. 
1,15, Right «allt, lft much smaller than before, bot lated more on malar sid, 
1,30. Chloroform, then chloroform and ether. 
1,40, Pupil as in Fig. 2d, 
2.25. Left pupil asin Fig. to age. 
2.45. Left pupil now as in Fig. 2 d. ; 
or sclerotic. No nerve cells were found on the remaining portions of the ciliary branches. 
The ciliary ganglion had been completely removed. There were-many medullated fibres, 
degenerating in the two branches which had been cut, but sound in the other branches. 


Exe. 15. Cat. Right ciliary ganglion excised. 
170th day. Right pupil 11 mm. wide : no response to light. 
2 drops 1°, eserine applied to right eye. ‘ 
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_ 196th day. Malar ciliary branches cut close to éyeball. 
179th day. Right pupil widely dilated and regular. — 
11.45, 8 drops.1°/, eserine applied to right eye. Roses 
12,80. Right pupil as in Fig. 3 a, same appearance also at 1.30. ; oe 
This observation repeated on the 182nd, 186th, 187th, 189th days, and even on the 
189th day the pupil did not become less than 10 mm. wide after eserine. 
188rd day. Right pupil almost maximal. 
10,45. 2 drops 1 °/, pilocarpine. 
11,30, Malar side of pupil almost straight, but nasal bulged, Fig. 3 
This observation was repeated on the 188th, 227th, and 245th days. 
206th day. Right pupil almost maximal. 
11,80, 8 drops 1°/, éserine applied to right eye. 
12.30. Nasal side of pupil much straighter than malar on 179th day, but the whole pupil 
confracts more, becoming 4 mm. wide. 
_ his observation repeated on the 225th and 240th days. een TR} 
270th day. Right pupil about 9 mm. wide, constricts almost equal now after physo- 


. It may fairly be objected that, when all the nerves were cut, the 
second operation had interfered with the supply of blood to the eye and 
thus caused .the loss of excitability. But this view was unlikely on 
a account of the free anastomoses of vessels in the eyeball, and indeed 
| ‘could not be upheld in the experiments in which the nerves were not all 

cut, because in these cats no vessels of any considerable size were cut with- 
in the periosteal sheath of the orbit and even in Exp. 13 the response.to 
physostigmine lasted about 24 hours after section of all the nerves as after 
a primary section. There was also no reason to suspect any undetected 
injury of the eyeball as the cause of the inexcitability, on the contrary, 
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in Exp. 15 pilocarpine excited an exaggerated contraction in the twice 
paralysed portion of the sphincter. It was thus evident, that the loss of 
response to physostigmine was not caused by shock or enfeeblement of 
this portion. | | 

I, therefore, concluded for the reasons given in (1), (2), and (3) that 
the return of the reaction to physostigmine after removal of. the ciliary 
ganglia was due not to the development of automatic tone in the 
denervated sphincter muscle, but to a regeneration of nerve fibres along 
the track of the old ciliary nerves. But it remained to investigate the 
source of these fibres and the nature of the regeneration. _ 

The reaction of the denervated sphincter to physostigmine was not 
prevented by the simultaneous removal of the superior cervical ganglion — 
in Exp. 13, nor abolished by its subsequent removal in another 
experiment. Reversely also, stimulation of the cervical sympathetic 
caused no contraction of the sphincter in Exp, 12 after removal of the 
ciliary ganglion only. It was evident, therefore, that the return 
of this reaction did not depend on the outgrowth of fibres from the 
sympathetic. 


Other possible sources of the regenerated fibres were :— 


(1) post-ganglionic fibres from a few ciliary cells not removed: — 


(2) fibres from the oculomotor nerve either pree-ganglionic or 
_ destined for striped muscles: 


(3) fibres from the spi fifth, or sixth nerves injured by ~ 
operation. 


With regard to (2) and (3), Langley found! that post-ganglionic fibres 
were not replaced functionally by pre-ganglionic. The same result was 
obtained by Langley and myself in further similar experiments, and 
we found also that they are: not functionally replaced by fibres 
innervating striped muscles’, But it was nevertheless possible that 
these fibres might join the sphincter, and that physostigmine might 
stimulate such abnormal myo-neural junctions, An attempt was, 
therefore, made to exclude first the fibres in (2). For this reason, the 

oculomotor nerve was cut close to the brain in Exp. 16 and reflected. 
_ Then 37 days later the ciliary ganglia were removed with almost the 


whole of the ciliary nerves. Yet the sphincter began to besccut to 
physostigmine again after 5 months. 


1 Langley. This Journal, xxv. p. 417, 1900, = 
* Langley and Anderson. This Journal, xxx. Pp 885. 1904. 


a 
- 
iv 
a 
> 
we 
Mg 
‘a 
‘= 
sy 
oy 
» 


POISONS ON IRIS. a 


Exe. 16, Cat. - 


87th day. Left pupil almost maximal: no response to light. 
with nearly the whole of ‘the ciliary nerves and portions of the branches to the inferior 
oblique and inferior rectus muscles. 


44th day. 1 drop 1°), pilocarpine constricted left pupil almost to a slit. 

45th day. 2 drops 1 °/, eserine no effect. 

194th day. For first time very slight narrowing of pupil observed, and for the first 
time very slight constriction after eserine. But even on the 159th day 3 drops of 
1°), eserine had not caused a trace of constriction, and the pupil was almost if not quite 
maximal: The constriction now caused was not regular, however, the pupil being almost 
lozenge-shaped. A small filamentous outgrowth was also noticed on the edge of iris. 


210th day. Left pupil now constricts to a width of 6 mm. after eserine, but though - 
irregular still, is less so. 


269th day. very neatly 1"), lelk dye: 
270th day. 2 drops 1°/, eserine left eye, no effect. 
271st day. 2 drops 1/, eserine, very slight constriction. 


But three other experiments had showed (cf. _— 6) t that the 
oculomotor nerve can regenerate even after intracranial section. It 
was possible, therefore, that it had regenerated in Exp. 16 also, and that — 
by joining directly with the sphincter it had restored to it the power of 
reacting to physostigmine. The unusual long absence of the response 
was in favour of this. Moreover, in Exp. 11, in which the oculomotor 
nerve was cut 3 months after the removal of the ciliary ganglion, there 
were many medullated fibres degenerating in the ciliary branches close — 
to the eyeball as well as sound fibres. The outgrowth of oculomotor 
fibres along the track of the old ‘ciliary’ nerves was, therefore, proved. 

On the other hand, it should be remembered that the response of 
the sphincter to physostigmine was diminished in Exp. 6 and other 
similar experiments, although the ciliary ganglia and their terminal 
connections were intact. In Exp. 16, therefore, even if the response 
depended primarily on the presence of sporadic ciliary cells, it was but 
to be expected that its return would be further delayed by their 
decentralisation. Decentralisation of cells might also have accounted 
for the diminution of the response of the denervated sphincter to 
physostigmine after section of the oculomotor nerve in Exp. 17. 

Exp. 17. Cat. Loft ciliary and accessory ciliary ganglia removed with part of the 
ciliary nerves. Both superior cervical ganglia excised. 
_ 27th day. Left pupil almost maximal, no constriction even an hour after 2 drops of 
1°, eserine has been applied to eye. | 

88th day. Visible rim of iris on left side 1 mm. wide. 

_ 10,40. 4 drops 1°), eserine applied to left eye, 1 drop to right. 
11,40. la. Left pupil began to dilate at 12.20. 
28—3 
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45th day. Local patch of constriction after eserine wider. 
60th day. 8 drops:1 °/, eserine ter 1b. 


107th day. Visible rim of iris on left side now 2 mm. wide. Left pupil an hour after 
2 drops of 1 °/, eserine as in Fig. 1 ¢. 


(119th day. Left pupil a slit an hour after 1 bates 
eye, but right not less than 8 mm. in dim light, 


249th day. Visible rim of iris now 2-5 mm., left pupil 10 mm. wide. Left pupil 
the eye. 

11,45, 1 drop 0°6 °/, atropine applied to each eye. 
12.45. Left pupil now 12 mm., right very slightly smaller. 
12.46. 2 drops 1°/, physostigmine left eye. 

2.45. No constriction since. 


2.46. 2 drops 1°), pilocarpine left eye. 
4.45, No constriction since, 


Atropine had also caused dilatation of the left pupil on the 236th day. 

848rd day. Left pupil 10 mm. wide. | 
2.40. 1 drop 1°/, physostigmine applied to each eye, 

8.25. In dim light both pupils 1°5 mm. wide, but in bright light right is smaller. 
4.50, ‘The left pupil has not dilated since 8.5, but the right has : even in dull daylight 
| the left now is smaller than the right. 

5.50. Left pupil unchanged, right much dilated in dim light. 


pupil had dilated only to a width of 6 mm., though before and afterwards it was 9 mm. 
wide. For this reason the left papil was’smaller than the right even 24 hours after the 
eserine had been applied. 


401st day. Left pupil 9 mm. wide, Fig. 1d. No constriction even after 15 mins, 
exposure of the eye to the light of an electric lamp. No dilatation even after an hour in 


12,20, Ether. 

~ 1,0. Oculomotor nerve exposed within skull, but not cut. Left pupil maximal. 
1.40. Operation finished after cutting nerve. 

5.30. Left pupil maximal, but right a slit in sunlight. 

6.0. 2 drops 1°/, eserine applied to left eye. 

7.0... No constriction. 

9.45. Left pupil now 9 mm. wide. 


402nd day. Left pupil 11 mm. wide, local puckering over sphincter, as in Fig. 1d, but 
less noticeable. 
12.40. 2 drops 1 °/, eserine applied to left eye. 

2.40. Left pupil 9 mm., local puckering stronger. 


421st day. Left pupil 11mm. wide, tll cn dey. 
11.0, 8 drops 1 °/, eserine applied to left eye. 
11.50. Left pupil 8 mm., local puckering stronger. 
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536th day. Left pupil 11 mm, wide, local puckering as before-: no light reflex. 
12.25. 2 drops 1°/, eserine applied to left eye. 

1.30, Left pupil 5 mm. wide, two marnes local patches of constriction. 

2.7.  Tracheotomy. 

2.15. Both sympathetics stimulated several times, but no effect on pupil. 

4.0. 8rd, 4th, 5th, and 6th cranial nerves stimulated intracranially several times, no 
effect on pupil but constriction of striped muscles. | 

4.25. Stimulation of sclerotic with strong current. caused slight but distinct local 
contraction of sphincter in two portions in which local puckering had been 
observed previously. No nerve cells found on the remainder of the ciliary 
branches, in the scar-tissue, on the ophthalmic branch of the trigeminal, or on 
the oculomotor nerve and its branches even after minute teasing of the various 
branches or tissue. 


It was not necessary, therefore, to assume a direct union of the 
oculomotor fibres with the sphincter in explaining the results of Exps. 
16 and 17. And indeed Exp. 17 showed that such union, even if it took 
part in restoring the reaction to physostigmine, was certainly not the 
sole cause of this restoration, but that fibres from sources (1) or (3) must 
also be concerned. The anatomical facts were not against the presence 
of fibres from (8) in the ciliary nerves, because the sound fibres in 
Exp. 11 might have been fibres from the fifth or other nerves on their 
way to join the sphincter. In Exp. 17 also, there were sound medullated 
fibres in these branches close to the eyeball, but in this case sound 
medullated fibres had reappeared in the cut oculomotor nerve. The 
absence of functional regeneration in the ciliary nerves also seemed to 
exclude the possibility of a union of the sphincter with ciliary ganglion 
cells. The balance of evidence seemed, therefore, at first distinctly to 
favour the view that after removal of the ciliary ganglia physostigmine 
constricted the pupil by acting on nerve-endings formed by a direct 
union of fibres from (2) and (3) with the sphincter. 

But in my last two experiments (of which Exp. 17 was one), I was 
led by the results observed during regeneration of the oculomotor nerve 
in Exp. 6 to try the effect of stimulating the ciliary nerves after the. 
administration of physostigmine, and in both cases I observed slight, 
but distinct, local contraction of the sphincter, though in the second I 
observed no such contraction immediately before injecting 1 c.c. of 1°/, 
eserine into the femoral vein on the 142nd day. In this last experiment 
again I could find no ganglion cells on the nerves in the orbit. 

These two last experiments showed, therefore, either that ganglion 
cells were present, or that fibres from (2) and (3) united directly with the 
sphincter and became functional under the influence of physostigmine. 
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Since careful search did not reveal a single ganglion cell’, I find it 
difficult to accept the former view. On the other hand, there is no 
supplemental evidence to support the latter view, and for the present 
I must be content to leave the matter there. | 


} Action of physostigmine upon the sphincter after regeneration of the 

cut short ciliary nerves. In Exp. 18 the short ciliary nerves were cut 
close to the ganglion and a small portion of them was removed to delay 
regeneration. But after regeneration was almost complete, physostigmine 
excited an exaggerated and prolonged constriction on the side of the 
lesion. It will be noticed also, in this experiment, that the paralysed 
pupil did not become nearly maximal, and that atropine did not dilate 
it further or more widely than it dilated the control. 


Exp. 18, Short ciliary branches cut close to the ganglion on the left side: small 
portion of nerves removed. 


16th day. a no light reflex. 
11.48. 4 drops 1°, eserine applied to left eye. 
1.18. Left pupil slightly smaller, 9 mm. wide. 
27th day. Left pupil 10-5 mm. wide. 
10.50, 3 drops *5 °%/, atropine. 
1.50. Both pupils 10°5 mm. wide. 


2.0. 2 drops 1°), atropine to each eye. 
5.0. Both pupils 10°5 mm, wide still. 


195th day. Pupils slmoct equal in dim light, but right papil slightly the smaller in 
bright light. 7 

4,25. Left pupil 5 mm., right 8 mm. 

5.15. Left pupil 4mm., right 7 mm. 


198th day. 2 drops 1°/, eserine, right eye ; took left eye. The left pupil was much 
smaller than the right an hour and more afterwards in dim light. : 
A similar result was also obtained on the 210th, and 212th days. The left pupil was 


also the smaller in dim light after an equal application of eserine to each eye on the 52nd 
and 113th days. 


1 No medullated fibres degenerate beyond the accessory ganglia when the oculomotor 
nerve is cut, and no constriction occurs when this nerve is stimulated after painting the 
‘ciliary ganglia with nicotine, (Langley and Anderson, this Journal, xin. p. 464. 1892.) 
I also dissected the ciliary nerves from the sclerotic in three eyes, and after teasing them 


There was no evidence, therefore, of cells within 
eyeball, — 
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section of the short ciliary nerves was not more than 10°5 mm. wide. 
Yet atropine did not dilate it further and both pupils were the same 
size after atropine had been applied to the eyes’. Again, in two cats, 
from which a ciliary ganglion had been removed’, dyspnoea led to 
constriction of the paralysed pupil, but atropine did not dilate it even 


then. There was no evidence, therefore, that — could excite ™ | 
dilatator to contraction. 


Action of atropine upon the sphincter. The chenwiiicne Sout men- 
tioned showed also that atropine did not annul the contraction of the 
denervated sphincter’. Ulrich‘ has also shown that the pupil 
contracted well after death in an eye which had been kept under the 
influence of atropine for 14 days previously, and Placzek® has found 
- that atropine does not alter the post-mortem constriction of the pupil. 
In one of my experiments also, the pupil was constricted after death as 
rapidly and strongly in the eye removed after an intravenous injection 
of 50 mgms, of atropine as in the control removed before, There was 
no evidence, therefore, that atropine diminished the power of the 
contractile substance in the denervated sphincter or altered its ex- 
citability so far as the products of dyspnwa were concerned. 

‘But atropine, though it did not affect the contractility of the dener- 
vated sphincter, prevented its reaction to pilocarpine or anulled this 
reaction (cf, Exp. 3). Marshall* has recently discussed in this Journal 
the reasons against regarding the antagonism between the two drugs, 
merely as a chemical neutralisation. Indeed atropine prevents the 
reaction to pilocarpine so long that this fact alone seems to prove a 
combination of the atropine with the tissue or with some substance in 
it. For example, atropine may combine with some substance in the 
denervated sphincter as CO combines with hemoglobin, or so may 
prevent or annul the combination of this substance with pilocarpine 


1 A similar result was obtained by Sehitf after seotion of the oculomotor nerve on 
side. Beitr. zur Physiol. m1. p. 97. 1868. | 
Anderson. This Journal, pp. 161 and 172. 1905. . 

Magnus (Pftiiger’s Archiv, cvmt. p. 14. 1905) bas also shown that the muscle of the 
gut may come to rest after atropine either with a high or with a low tone. 

‘Ulrich. Archiv f. Ophthal. xxvut. p. 255. 1882. 

Placzek. Virchow’s Archiv, cuxxm. p. 197. 1903. 

Marshall. This Journal, xxxt. p.141. 1904. 
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as CO prevents the combination of hemoglobin with oxygen. It 
is possible that atropine does not act on the same substance as 
pilocarpine does, but that it. introduces.a block between it and the 
contractile portion of the sphincter by acting on yet another substance, 
But there is nothing, so far as I know, against, the view-that both drugs 
act on the same substance and this view is simpler—lI, therefore, adopt it. 

- But even this simpler view demands the presence of three bio- 
chemically distinct substances in the normal sphincter (1) the contractile 
substance excited by the products of dyspncea and not paralysed by 
atropine, (2) the substance excited by pilocarpine and paralysed by 
atropine, (3) the substance excited by physostigmine, but unlike (2), lost 
after degenerative section of the short ciliary nerves. 


ee NATURE OF THE NERVE ENDING. 


4 Brodie aind Dixon" have recently defined the nerve as “ | 

comedians link between the nerve fibre and musele fibre.” * This,” 
they say, “is not necessarily a constituent part of the muscle fibre nor 
yet of the nerve fibre.... It can exist only when nerve fibres join on 
to the muscle but it does not necessarily follow that it should degenerate © 
when the nerve fibre which terminates in it degenerates.” They, 
therefore, say that adrenalin acts on the nerve — even in —— 
vated muscle. 

Elliott? also says, “that part of the myo-neural junction which j is 
irritable by adrenalin is on the muscular side in so. far as its trophic 
centre lies in the muscular nucleoplasm. But though its parent is the 
muscle, it would not have been called into existence had it not been for 
the developing union with a sympathetic nerve cell.” 

Both these views agree, therefore, in placing the substance febiting 
to adrenalin under the influence of the muscle. Yet they attribute its 
primary origin to the influence of a nerve cell, which ew to 
aes must belong to the sympathetic system. 

If nerve and muscle finally merge in a common substance, this te 
be @ myoneuroplasm having two trophic centres and changeable to a 
myoplasm after loss of the neuronic trophic centre—on this view 

physostigmine may be supposed to excite the myoneuroplasm but not 
the myoplasm, or to combine with some. substance formed by ‘the 
‘toner but not by the: latter. ‘Equally plausible explanations of the 
1 Brodie and Dixon, This. Journal, xxx. 1904... 


>, 
bs 
vag 
ii 
oN 
my 
She 
i 


POISONS ON IRIS. : 437. 


actions of this drug may, however, be given even on the strict: neurone 
theory assuming the myoplasm and neuroplasm to be merely contiguous 
in the myoneural junction and physostigmine to act on the BT 
only or on some substance in it. 

But whatever view is held as to the nature of the connection 
between nerve and muscle it seems. inadvisable to use the expression 
nerve-ending to denote the whole myo-neural junction, because ‘an 
action on the nerve ending’ has long been defined physiologically as an 
action which persists after simple, but not after degenerative, section of 
the motor nerves. It is true, that my observations show that pilocarpine 
acts on a portion of the sphincter muscle which is not the contractile 
substance itself. If, therefore, the portion of the muscles excited by 
these drugs is to‘be included in the myo-neural junction, it is necessary _ 
to say that part of the myo-neural junction persists. But-if this view is 
to be adopted, it will be well to adopt some new term to denote the 
myo-neural junction so defined. Possibly the word myoneure might be 


On THE ‘TROPHIC ACTION oF THE CILIARY GANGLION UPON 
THE SPHINCTER, 


In two cats I noticed an outgrowth from the edge of the iris at one 
ules about 6 months after denervation of the sphincter and removal 
of the superior cervical ganglion. This outgrowth was filamentous and 
about 1 mm. long, and may have indicated a loss of the trophic influence 
of the nervous system. But experimentally, I found that the sphincter 
a year after denervation responded to drugs and dyspnea even more 
vigorously than the control (cf. Exp. 17), and there was no evidence of 
the onset of permanent contracture in the sphincter even 9 months atver 
its denervation in Exp. 16. 
~~ Qn the other hand, in several experiments (eff. Reps, 6, 13, 17) tone 
returned to the sphincter after regeneration of the post- or pre- 
ganglionic tract although no impulses passed by the regenerated nerves 
either in response to light or to direct stimulation of the fibres. The 
regenerated nerves, therefore, exercised a trophic influence upon the 
sphincter before they allowed the passage of motor impulses under 
normal conditions. 

For this reason, it seems premature to assume ne certain muscles 
do not contract on stimulation of the nerves likely to innervate them, 
that these muscles are not connected with the nervous system. They 
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may be connected trophically with the nervous system but the nerves 


“may not develope beyond the stage of development attained by the 

regenerating fibres in my — and may therefore not ~— to 

direct 

“After section ere an oculomotor nerve within the skull, pilocarpine 
constricts the paralysed pupil more than the control but physostigmine 
constricts it less. Both drugs, however, constrict it for a longer time. 

- After degenerative section of the short ciliary nerves physostigmine 
does not stimulate the denervated sphincter, but pilocarpine excites it 
to an increased and abnormally prolonged contraction. Physostigmine 
acts, therefore, only on the nerve ending, but a can act on the 
sphincter muscle itself. 

After imperfect regeneration of an oculomotor nerve physostigmine 
restores the light reflex when it is not to be detected under normal 
conditions, but pilocarpine does not. Physostigmine does not increase 
the excitability or conductivity. of the ciliary nerves or ganglia, or of the 
_ oculomotor fibres even when they are regenerating. The action of 
physostigmine shows, therefore, that the impulses imperfectly transmitted 
by the regenerating oculomotor fibres are blocked chiefly in the any 


‘nerve endings. 


_ Several weeks or months after removal of the ciliary ganglion sad of 
the ciliary nerves with the accessory ciliary ganglia, the denervated 
sphincter begins to respond again to physostigmine, There is no return 
of the light reflex in such experiments and the “ciliary’ nerves do not 


respond to stimulation under normal conditions. Yet the renewed 


response is due to regeneration. This is shown (1) by the gradual and 

at first local return of the response, (2) by its.longer absence after more 

complete removal of the ciliary nerves, and (3) by its‘second disappear- 

. ance after a second section of the ciliary nerves. The exact nature of 
the regeneration is uncertain. | 
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THE SEPARATION OF PHOSPHORUS FROM CASEIN- 

OGEN BY THE ACTION OF ENZYMES AND 

ALKALI. By R. H. ADERS PLIMMER anv W. M. 
BAYLISS. (Two Figures i in Text.) 


(From the Physiological Laboratory, University College, London.) 


It was found by Bayliss" in his experiments on the kinetics of tryptic 
action, that the great increase of electrical conductivity in the initial 
stages of a caseinogen-trypsin and a gelatine-trypsin digestion could 
not be accounted for by the decrease of internal friction, but was in all — 
probability due to a separation of electrolytes from the substances 
themselves. In the case of caseinogen, however, the increase of electrical 
conductivity would be partially derived from the separation of its 
phosphorus as inorganic phosphates.’ It was with the object of deter- 
mining the rate at which this latter process took place under the action 
of trypsin, and comparing these results with those obtained by the 
electrical conductivity method, that the following experiments were 
commenced. 

Before the commencement of our researches only two experiments 
had been carried out on the separation of phosphorus from caseinogen 
by the action of trypsin. In 1895, Sebelien®™ found that caseinogen, 
except for a negligible residue, was completely digested, but he made no 
investigations with regard to the nature of the phosphorus which had 
gone into solution. In 1898, Biffi®, a pupil of Salkowski, made much 
more detailed experiments; he also found that, except for a minute 
residue, in all probability derived from the trypsin employed, the whole 
of the phosphorus passed into solution ; of this, only about 27 per cent, 
was precipitated by magnesia mixture, and consequently consisted of 
inorganic phosphoric acid, the remainder being contained in an organic 
form. 

We have also determined at what rate the phosphorus of caseinogen 
is converted into a soluble form under the action of pepsin. A great 
many more investigations have been made upon this subject than upon 
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theabove. Until 1893, when Salkowski“ commenced his experiments, 
it was supposed that the whole of the phosphorus of caseinogen was 
contained in the insoluble paranuclein, which was considered by 
Liebermann to be a compound of albumin with metaphosphoric acid. 
Only Szontagh, as quoted by Salkowski and Hahn®, observed that the 
paranuclein was further digested, and that phosphoric acid was contained 
in the filtrate. From Salkowski’s own observations and those in con- 


- junction with Hahn, we now know that a great part of the phosphorus 


of caseinogen passes into solution, and that under the most favourable 
conditions, such as very fine division of the caseinogen and a great 
excess of pepsin, the solution maybe complete. The presence of 
phosphoric acid as observed by Szontagh could not be confirmed by 
Salk owski, who stated that the whole of the phosphorus was contained 
in a soluble organic compound, About the same time v. Moraczewski” 
also investigated this subject. He found that the whole of the 
phosphorus never passed into solution, but that a portion was always con- 
tained in the insoluble paranuclein, which, on further digestion, lost albu- 
min and became richer in phosphorus. In fact, the amount of this residue 


depended on the length of time of the digestion and on the dilution. — 


His results were confirmed by Sebelien®. The greater the amount 
of ferment and the greater the dilution, then the greater is the amount 
of phosphorus which passes into solution. Both these investigators 
never observed the complete solution of the caseinogen, but always 
found that there was a small insoluble residue, so that with regard to 
this point they contradict Salkowski. This small residue has been since 
shown by Salkowski® to be so minute that it is negligible. The net 
result is, that, under the most favourable conditions of digestion, the 
whole of the phosphorus of caseinogen passes into solution. Our results 
do not altogether agree with those of Salkowski, but on the ee they 
are confirmatory. 

So far as we know, no detailed experiments have been made upon 
the digestion of caseinogen by papain, this enzyme being supposed to 
have an action resembling that of pepsin, rather than that of trypsin. 
By studying its rate of action we have found that it is intermediate in 
its power of dissolving caseinogen between pepsin and trypsin. For 
comparison, we have also investigated the action of acid and alkali on 
-caseinogen. One per cent. caustic soda was found to almost exactly 
resemble trypsin in its rate of separation of the —" but _ 
— to the products it was a different. 
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Method. The method which we have employed for estimating the 
phoiglenein acid at the different stages of the digestions was that 
recently described by A. Neumann®. It consists in oxidising the 
organic matter with a mixture of equal parts of nitric and sulphuric 
acids, precipitating the phosphoric acid as ammonium phospho-molybdate, 
_ dissolving this precipitate after washing free from acid in excess of semi- 
normal alkali and titrating with semi-normal acid. The difference 
multiplied by 1°268 gives the amount of P,O, in milligrammes. 

Neumann stated that not more than 40 cc. of the nitric acid 
mixture should be employed in the oxidation on account of the 
hindering effect of the sulphuric acid on the precipitation of the 
ammonium phospho-molybdate. In certain cases it was found 
necessary to use more than this amount so that a modification had to 
be made; 10 c.c. of conc. sulphuric acid were added directly and nitric 
acid, instead of the nitric acid mixture, was run in until the oxidation 
was complete. The solution was allowed to cool before fresh quantities 
of nitric acid, generally about 10..c., were added. For this amount of 
sulphuric acid, complete precipitation always occurred, when 30 c.c. of 
the 50 per cent. ammonium nitrate solution were added to the oxidised 
residue dissolved in 150 c.c. of water. | | 

The greatest difficulty, however, occurred in the filtration of the 
precipitate of ammonium phospho-molybdate and the washing of it free 
from acid. This was found to be extremely slow, aud, consequently, 
for the number of estimations which were required, a more speedy 
method had to be devised. We have obtained this by employing a 
special pattern of filtering tube, which consists of a glass tube about 
8 cm. long and 2-2°5 cm. in diameter; at one end a perforated platinum 
plate is sealed into it and at this point the tube is drawn out like an 
ordinary filtering funnel. The apparatus resembles a Buchner filtering 
funnel but has the shape of a Soxhlet filtering tube. Either asbestos or 
filter paper may be placed on the plate: in these experiments filter 
paper was used exclusively. This apparatus was introduced to the 
notice of one of us several years ago and has been employed for the 
most various purposes. Unfortunately we are unable to find out who is 
the inventor of this filtering tube, so that we have described it again in 
some detail. 

By this means the filtration and the washing of the ammonium 
phospho-molybdate can be completed in less than five minutes, and we 
_ have been able to carry out over 400 determinations of phosphoric acid 
— the course of the last eight months. With this rapid filtration 
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it is quite unnecessary to use ice-cold water for washing the precipitate, 
the whole of which may be collected on the filter. The precipitate is 
then dissolved by the alkali on the filter and the solution allowed to 
run into the original flask, into which the remainder, including the 
filter paper, is washed with water. 

With regard to the accuracy of the method, as modified by us, we 
append the values which we have obtained with a standard solution of 
acid potassium phosphate (10 c.c. = 20 mgm. P,O,). 

(1) (4) 10¢.0.=19°78. (7) 10.0.0.=19°65. (10) 10 c.c.= 20-03. 
(2) 10 o.c.= 20°03. (5) 10 o.c.= 19°78. (8) 10 c.c.= 19°65. (11) 10 20°67. - 


(8) 10 o,c.=19°91. (6) 10 o.0.= 19°91. (9) 10 c.c.= 19°65. ® 10 c.c. = 20°67. 
Mean 10 c.c.=19°98 mm. P,O,. 


In some cases 10 c.c, nitric acid, in others 10 c.c. salen acid were 
present. In all cases 30 cc. of the ammonium nitrate solution were 
added, this being essential for the precipitation of the ammonium phos- 
pho-molybdate. It is advisable to avoid a great excess of ammonium 
molybdate since molybdic acid may then be precipitated. Under ‘These 
conditions the method is extremely accurate. 


_ THE SEPARATION OF PHOSPHORUS FROM CASEINOGEN. 


A. Separation by Trypsin. Of the various methods which have 
been adopted for studying quantitatively the action of trypsin, we have 
employed the one put forward first by Hedin™ in 1904, which was 
subsequently utilised by Cathcart and then again by Hedin” 
himself. The method consisted in precipitating the digest with tannic 
acid, whereby any unchanged albumin and albumoses, but not peptones 
except imperfectly, are precipitated, and then estimating the phosphoric 

acid in a measured volume of the filtrate by Neumann’s method, 

- modified as above described. This phosphoric acid may be conveniently 

referred to as the “soluble P,O,.” The materials employed were Merck’s 

caseinogen prepared by Hammarsten’s method, and “Pancreatin absolut 

Rhenania” generally in such amount that the digest contained 02—03 _ 

per cent. of dry enzyme. Toluene was used as the antiseptic in these 
experiments and in those with pepsin, etc. 

At various periods of digestion at 38°C. varying from ten minutes 
to several days 50 c.c. samples were removed with a pipette and dropped _ 
into an equal volume of tannic acid solution (Catheart’s recipe diluted 
with an equal volume of water). After allowing to stand for about 
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eS 12 hours, in which time the precipitate had settled, a clear liquid was 
Be obtained on filtration ; in a measured volume of this the phosphoric acid — 
| was estimated. The quantities so btained were calculated out for the. 
whole sample taken, so that the fraction of the soluble P.O, split off 
might be readily seen when compared with the total P,O, which was 
estimated in a separate sample, generally 10 c.c., not precipitated by 
: tannic acid. The following experiments were carried out :— 


(1) 450 c.c. 5%, caseinogen in NaOH. (2) 450 c.0. 5 %/, caseinogen in NaOH. 
| 50 ¢.0, 3 °/, trypsin. | 50 ¢.c. filtered trypsin. 
Time in mgm. Time P,Osin mgm. - 
0 106 5 mins. 16-1 
10 mins. 19°6 15 ,, 16°9 
30 ,, 23°5 19°6 
1 hour 25°9 1 hour 22°5 
2 hours 29-0 2 hours 26°38 
4 5 81°5 80-4 i.e, § of total 
8 ,, 82'8 i.e. of total | 
24 45 36°8 i.e. of total 
Total 48-8 
(8) 800 c.c: 5 °/, caseinogen in NaOH. (4) 50 grs. caseinogen in 1000 0.0. water 
80 c.c, 4°/, filtered trypsin. +620.¢.% NaOH. 4 gra. dry trypsin 
"Time in mgm. added and well shaken. 
P,0s in mgm. 
30 18°6 Time "7 acid filtrate 
1 hour 23°83 0 
2 hours 30 mins. 17°4 506 
34°2 1 hour 80°9 45°1 
7 ” BE 2 hours 37°3 
89:1 
214 ,, 87°6 $885 
| 4 days 89°8 i.e. §oftotal | 12 ,, 40°1 
Total 47-9 pote 
50°2 
14 ,, 49°0 52°8 
Total 52°6 


In Experiments 1, 2, 3, only the soluble P,O, in the early stages of 

: digestion was determined. From the data it will be seen that § of the — 
| | total P,O, passes into solution in 6 hours; this value becomes } in 24 
hours, and § after 6 days. The accompanying curve shows that this 
soluble P,O, is split off in a similar way to that of the soluble nitrogen 
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(5) 40 grs. caseiniogen in 2000 c.c, water 


+20 * NaOH, 130 ¢.c. 2°/, filtered 
in mgm. 
b) Tri- c) Neutral 
Time filtrate filtrate fannie a 
0 4:2 
34 hours 16-2 19°8 
19-1 
7: , 184 19°38 16°1 
2days 184 17°9 
19°1 17°7 
19°4 
Total 203 
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50 grs. caseinogen suspended in 1000 c.c. 


Total 


as shown by Hedin™ and corresponds in its early stages to the electrical 
conductivity curve as obtained by one of us”. | 


i 


| 


6. 30 


In two Experiments, 3 and 4, the electrical conductivity was 


mined and at the same time the soluble P,O, was estimated. The 
curves were found to be nearly parallel up to the period of 7 to 8 hours, 


the conductivity curve then continued to rise more steeply than the 
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curve for soluble P,O,. The presence of soluble P,O, cannot therefore 

account for the continued increase of electrical conductivity, though the 

preliminary rapid rise of electrical conductivity might be partially 
explained by the presence of phosphates as electrolytes’, 

In Experiments 4 and 5 the determinations of soluble P,O, were 
carried on for several days, not only in the tannic acid filtrate, but also 
in the filtrate obtained after adding an equal volume of 5°/, trichloracetic 
acid. Tannic acid was found to be a better precipitant than trichloracetic 
acid, which, from the data, did not completely precipitate albumoses 
which would presumably be present after 30 minutes’ digestion. In 
Experiment 5 tannic acid in neutral solution was tried as precipitant in 
two samples; under these conditions its power of precipitating was not 
very different to that in acid solution, so that its use was not continued. 
The amount of alkali in this experiment was only just sufficient to dissolve 


the caseinogen (Laqueur and Sackur™ give 0°8 c.c. a alkali for 1 gm. 


caseimogen); in the previous experiments it was in such amount as to 
redden phenolphthalein. 

Experiment 6 was carried out in a solution containing no alkali, 80 
that the acidity was that of the caseinogen itself; as expected, the rate 
of separation of soluble P,O, was much slower. This is partly due to 
small lumps of caseinogen and partly to the retarding effect of acids 
upon the action of trypsin. 

It will be observed that, in every experiment, the whole of the 
phosphorus of caseinogen did not pass into solution, a small quantity 
being always precipitated by the tannic acid. An indigestible residue 
containing phosphorus, which was precipitated on acidifying tryptic 
digests of caseinogen, had been observed by both Sebelien® and Biffi®, 
who came to the conclusion that it had no relation to the caseinogen, 
but was derived from the trypsin, since its amount was greater when 
the quantity of ferment was increased. 

Upon this point we have carried out a series of experiments, since 
estimations of the phosphorus in trypein did not give an amount 
sufficient to account for it. 


20 ¢.c. filtered 8 °/, trypsin solution gave 17°5 mgm. Pj0,. 

20 c.c. filtered 3 °/, trypsin solution by tannic acid gave 12° mgm. 
P,0,. 

i.e. 0°6 gm. trypsin contains 5 mgm. residual phosphorus, and a 50 c.c. sample, when 
the digest contains 0-3 °/, ferment, contains 1-2 mgm. 


1 This point will be dealt with in greater detail in a future paper by one of the present 
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Firstly, autodigestion experiments of the trypsin, similar to those 
above described, were carried out with the following results:— 


(1) 2 grs. trypsin dissolved in water. (2) 5 grs. trypsin dissolved in 250 c.c. 


Filtrate 105 ¢.¢, allowed to digest. water +5¢.¢, NaOH (i.e. °, alkali). 
Time Soluble P20; in mgm. Time Soluble P.O; in mgm. 
19 hours 21°6 1 hour 11°2 
2 days — 1 2 hours 10°6 
6 5, 19°8 11°4 
Total 260 20 ,, 11-4 
11°6 
Total 17-1 
insoluble residue 


There is, thus, a considerable residue containing phosphorus which 
does not pass into the form of soluble P,O,, even after several days’ 
digestion, so that the results of Sebelien and Biffi are confirmed. It 
will also be observed that the soluble P.O, is already contained in the 
trypsin solution as such, since on digestion this ed is scarcely 
increased. 

‘The residue, however, in the trypsin-caseinogen digest is not 

altogether derived from the trypsin, since experiments on the-digestion 
by trypsin of paranuclein (the insoluble residue remaining when 
caseinogen is digested by pepsin) showed that its phosphorus, which 
amounted to 5°5 per cent. P,O,, was not completely converted into a 
soluble form. Two experiments were made :— 


(1) 215 of 05 solution of paranuclein} (2) 500 c.c. solution neutral 
in NaOH just alkaline to phenolphthalein. | to litmus. 50¢,c. of 2°, filtered trypsin. 
0 
of 3°), filtered trypsin. Ties Soluble in mgm. 
Time Soluble P40; in mgm. 0 4°1 
0 6:2 1} hours 100 
30 mins. 18°4 
2 hours 6 21-0 
16°5 2. 26-0 
30 25°7 
Total 17:3 
2 days 
281 
Total 32:3 
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_ In the second experiment the total P,O, was estimated before adding 
the trypsin. There was an insoluble residue containing 4 mgm. P,O,, 
which could not therefore be derived from the trypsin; the amount 
obtainable in a 50c.c. sample was less than 1 mgm., since the 50c.c. 
of the 2 per cent. solutions of trypsin only contained 8 mgm. P,O,. 

Again, in our experiments on the digestion of casein by 1 per cent. 
caustic soda, a similar insoluble residue containing phosphorus was left, 
so that the residue’ of a caseinogen-trypsin digestion is derived partly 
from the trypsin and partly from the caseinogen. 

Trypsin, in the manner usually prepared, contains nucleo-proteid or 
its decomposition products. Nucleo-proteid is digested with difficulty 
by trypsin, and leaves a residue containing phosphorus. We have 
investigated the action of trypsin on. yeast-nuclein (Merck) with regard 
to the rate of separation of soluble P.O, and soluble nitrogen in order to 
determine to what extent it was dissolved by trypsin :— 


10 gm. yeast-nuclein dissolved in 40 MAOH for solution and 500 c.c. 
1 gm. trypsin added. 


0 19°5 00892 =| 3 days 33-2 01155 
1 hour 23°1 00558 0-1162 
Shours 0-0700 10 ,, 38°83 0-1218 
26-4 0-0868 6 ,, 0-1078 
01008 21 ,, 40-1 01022 


The yeast-nuclein was therefore digested by trypsin, but not 
completely, a residue containing one-fifth of the total P,O, and about 
three-fourths of the total nitrogen being left in the precipitate by tannic 
acid. After 10 days the amount of soluble nitrogen decreased, but we 
have not determined whether any synthetical action had occurred. 

From the small quantity of indigestible residue left by caseinogen 
when it is digested by trypsin or by alkali, it seems extremely probable 
that this is present as impurity and is of the nature of nucleo-proteid. 
_ Traces of nucleo-proteid might be expected in milk, as a result of the 
disintegration of the secreting cells of the mammary glands. 

The conclusions which can be drawn from these experiments are, 
(1) that the whole of the phosphorus of caseinogen is converted into 
a soluble form (i.e. is not precipitated by tannic acid) by the action 
of trypsin; (2) that the small insoluble residue is derived from nucleo- 
proteid which is contained partly in the caseinogen as impurity and — 


partly in the — 


4 
a 
a 


448 R. H. A. PLIMMER AND W. M. BAYLISS. 


‘Investigations have also been made on the chemical nature of the 
. soluble P,0,; ; these will be described more conveniently later. 


ae Separation by Pepsin. A great deal of work has already been 
done upon the behaviour of the phosphorus of caseinogen, when this 
substance is submitted to the action of pepsin. Moraczewski®, 
Sebelien®, and Salkowski“:, have each shown that except for a 
small residue the whole of the phosphorus passes into solution, but they 
made no determinations with regard to the rate of its solution. We 
have therefore made investigations upon this point, and have employed 
the same method as above described with trypsin, using tannic acid as 
precipitant and estimating the P,O, in the filtrate. In the earlier 
experiments the caseinogen was simply suspended in 0°4 per cent. 
hydrochloric acid solution, but, in the later Experiments, 3, 4, 5, the — 
caseinogen was previously dissolved in the amount of alkali recom- 
mended by Salkowski™. In this way lumps of caseinogen were 
avoided, as it is reprecipitated, on acidifying ina fine state of division, so 
that, according to Salk owski, it can pass completely into solution under 
the most favourable conditions. Using this method we found that a 
greater quantity of the phosphorus went into solution, and also that its 
solution was more rapid. The following are the data which were 
obtained :— 


(1) 20 grs, caseinogen ; 0°1 gr. pepsin. 20 grs. caseinogen ; 0-1 gr. pepsin. 


1000 ¢.c. 0°4 per cent, HCl. 1000 c.c, 0°4 per cent. HCl, 
Soluble P, Soluble P, Soluble Soluble 
0 Thours 59 0 8 days 
80 mins. 5:4 81 | 17hours 73 10°8 
hour 6-0 109 | 24 ,, 73 13°38 
2hours 59 Sdays 125 | 41 ,, 87 198 
4 ” 6-0 2days 98 21°1 
Total 849 Total 84-2 


The a lieing of of the shahaes was in all cases very slow, but its 
rate was quite regular and comparable to that obtained by other observers 
on enzyme action. The whole of the phosphorus never passed into the 
soluble form. Even after 149 days’ digestion the quantity dissolved was 
only about 3 of the total phosphorus (Experiment 4); in Experiment 5 _ 
the quantity was about 4, or rather less. This was probably due to the 
difference in the amount of acid employed, the larger quantity in 
Experiment 4 having possibly a slight effect in the prolonged digestion. 
The ratio of soluble nitrogen to total nitrogen was also determined in 
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this experiment and found to be 44 after 146 days, so that not only 
phosphorus but also nitrogen was contained in the insoluble residue. 


(8) 20 grs. caseinogen dissolved | (4) 40 grs. caseinogen dis- | (5) 20 grs. caseinogen dis- 
by 10¢.c. NaOH +100c.c.; solved in 1500 ¢.c. H,0+| solved in 200 H,O+ 
H,0. 10000.0.0-4%, HCl} 200.0. 7 NaOH. 500c.0.| 100.0. NaOH. 10 cc. 
added. 0°2 gr. pepsin. | H,80, added. 0-4 grs.| H,90, +800 cc. 0-4 

Soluble pepsin. Acidity=1°,. HCl. grs. pepsin. 

0 13°4 ‘Time | ties “sem 
1} hours 13°7 0 42 0 2°0 
6 14°0 6 hours 44 1 day 2-0 
2 days 18°9 1 day 5-9 2 days 3-2 
20°2 2 days 6-2 46 
4» 21°3 8 6 42 

” 99 

6 206 76 6-1 
8 » 20°6 8°4 56 

10 21°0 9 100 19 ” 6°8 

Total 44 ,, 12°5 9°0 
18-2 5B, 91 

72 ,, 13°7 69 ,, 91 

% ,, 92 ,, 194 

128 ,, 184 125 ,, 129 

149 ,, 167 | (146 18:2 

Total 20:3 Total 20°3 


In Experiment 4 the quantity of acid was 1 per cent. H,SO, This 
strength was chosen, since Langstein™, who found that amino-acids 
were produced from albumins on prolonged peptic digestion, employed 
this quantity in his experiments and subsequently stated that 1 per 
- cent. H,SO, produced no amino-acids from albumin after one year's 


action at 37°C. We have examined the effect of 1 per cent. H,SO, and 


our result will be mentioned later. 

The fact that so much as two-thirds of the total phosphorus passed 
into the soluble form does not agree with the result obtained by 
Salkowski™, who stated that the whole of phosphorus of caseinogen 
was converted into paranucleic acid by the action of pepsin, and that 
this compound is precipitated by tannic acid. The prolonged digestion, 
which was carried out by us, is sufficient to account for the difference in 
our results, since paranucleic acid would most probably undergo further 
change and be converted into a peptone containing phosphorus, which 
is not thrown down by tannic acid. This explanation appears to be the 
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siieet satisfactory, since, as is shown below, the soluble P.O, consists 
only to a very small extent of inorganic phosphoric acid. 


THE ACTION OF PAPAIN ON CASEINOGEN. 


Of recent years a great many investigations have been made upon ~ 
the digestion of various albumins by papain. The most recent observers, 
Chittenden, Mendel, Harlay, all seem to agree that leucine, 
tryptophane, and tyrosine, the typical products of a tryptic digest, are 
not formed, but the various statements with regard to the medium in 
which papain exerts its greatest effect aré very contradictory. Mendel 
and Underhill, in 1901, found that papain acted both in acid and 
alkaline media, the most favourable being 1 per cent. NaHCO, or 0°5 
per cent. Na,CO,, but as to the actual extent and the rate of action of 
papain no experiments have as yet been made. 

Our experiments have been carried out in precisely the same way 
as described above: we have determined not only the soluble P,O, but 
also the soluble nitrogen, so that a better idea of the actual change which 
occurred might be obtained. The results are best seen from the 
experimental data :— 


50 grs. caseinogen dissolved in 2070 c.c, water + 30 .<. 7 NaOH and divided into three 


(1) 700 c.c. +2 grs. (2) 100¢.c. +15¢.c. (8) 700 ¢.c. +3°5 
papain (Merck). H,80,+2 gra Na,00, =0°5 °/, Na,CO, 
papain. +2 gre. papain. 
me 
0 76 00560 0-0280 1:3 00261 
1 hour 182 0°1064 101 0-0812 2°8 0°0886 
8 hours 0-1155 14-2 0°1099 2-0 00843 
17°56 0-1281 19°3 0°1865 3-0 0°0434 
2 days 18-5 01414 19-8 0°1561 3°38 0°0484 
8 ,, 18°5 01400 20°5 01498 4°1 00857 
19°5 0°1575 20°8 0°1540 5-1 0-04838 
16 21:3 0°1764 6:8 0-0588 
28 ,, 01736 8-9 0°0623 
55, 0°1624 11:7 0:0589 
70 ,, 01575 | — 12-4 0-0588 
Total | 216 0-2100 21-6 02128 21°6 0°1960 
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(4) 15 grs. caseinogen in 500 
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(5) 20 grs. caseinogen in-500 | (6) 20 grs. caseinogen in 500 
water + 10 c.c. * NaOH. water +15 + NaOH. water + 15¢.¢. * NaOH. 
800.0. H,S0,+2 grs. pa- 650.0. H,80,+2 grs. pa-| 1 gr. Na,CO, +2 grs. pa- 
pain=0°2°/, H,S80,. pain =0°5 °/, H,SO,. pain =0°2°/, Na,CO,. 
Soluble Soluble N. Soluble P,0; Soluble. “Soluble P,O; Soluble N. 
Time in mgm. in grs. Time : grs. | Time in mgm. in grs. 
0 4°8 00383; 0 0 0°0336 | 0°0315 
shour 66 00665 | lday 35 0-0857| lday 81  0-0687 
8°4 0°081) | 2days 0°0864 | 2days 0:0784 
8 hours 11°9 01008 | 3 ,, 2°5 00848 | 3 , 18°7 0°0896 
160 01281 5, 19 00231 | 5 ,, 175 0:0966 
24 ” 20°0 0°1477 7 ” 08 0°0281 7 ” 19°5 0-0934 
 Qdays 21°8 0°1701 | 13 ,, 3'3 0°0259 | 13 ,, 22°1 0°1064 
8 , 243 0°1869 |. The samples in this 0°1078 
26-4 0-1989 sing the caneinogen was. 22 ,, 61  O-1176 
10 ,, 26-7 02198 | Sich cold te taken | 29», 0-1232 
15, 29-4 0-1979 talent ng cylinder and 42 ,, 82:3 
“Total 29-2 0°2772 Total 399 0-2982 


Papain, thus, exerts its greatest action on caseinogen in a neutral or 
faintly acid medium, and resembles trypsin more than pepsin with 
regard to the amounts of P,O, and N converted into a soluble state. In 
alkaline media, even in 0°2 per cent. Na,CO, solution, the action was 
very slow, and resembled pepsin, but was more rapid. The results do 
not agree with those of the previous observers, but can be easily 
explained by the difference in the method employed. Their methods 
_ were to obtain acid or alkali albuminate on neutralisation, or to observe — 

the solution of fibrin under the action of papain, methods which give 
_ no true estimate of the amount of action. 

The net result of our experiments is that papain acts best in media 
which are neutral, or very slightly acid or alkaline; its. power of 
hydrolysing albumins is intermediate between that of pepsin and 
trypsin; it resembles the latter rather than the former in its rate of 
dissolving caseinogen and converting it into.substances which are not 
precipitated by tannic acid. 


DIGESTION OF OVOVITELLIN BY TRYPSIN AND BY PEPSIN. 


_ The digestion of ovovitellin by enzymes has up to the present time 
been very little investigated. Beyond the facts that ovovitellin is a 
nucleo-albumin, like caseinogen, and that it leaves a residue of 
- paranuclein on peptic digestion, no observations as to the actual extent 
of its digestion by ferments have been made. We have therefore studied 
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this in a similar manner to that of capetnogen with the following 
—results:— 


Ovovitellin from 15 egg-yolks in 1500 c.c. Ovovitellin from 10 egg-yolks in 700 c.c. 
water+7°5 grs. Na,CO,. 2 grs. Rhe- .0°4 per cent. HOl. 0°6 gr. pepsin+ 
nania trypsin. | 0°5 gr. pepsin on 8th day. 

0 81 0-0182 0 10°1 0°0280 
1 hour 8°6 0°0822 1 day 10°4 0°0784 
2 hours 99 0-0881 2 days 114 0°0931 
10°6 0°0455 11-7 0-0980 
12°2 0°0567 5 10-9 0°1113 
64 ,, 11-9 0-0588 14-2 0+1281 

14°4 0°1057 9 15°5 0°1344 

30 ,, 15°7 0°1113 ,, 13°9 0-1337 
2 days 16°5 0°1197 16°2 0°1435 
18°38 0°1288 0°1498 
20°5 0°1484 14 4, 17°0 0°1547 
22°1 0°1547 16 ,, 0°1631 

22°3 0°1652 0°1666 

21°8 0°1645 19°5 01715 

23°3 0°1666 20°5 0°1792 

29 ,, 24°6 0°1722 

36. 94-6: 0-1604 Total 72°9 0°3262 

Total 43:1 0°1820 


The ovovitellin employed was obtained from egg-yolks by repeatedly 
extracting them with ether until the residue was quite colourless. 
This residue was then taken and digested by the enzyme. 

The digestion of ovovitellin by trypsin was very slow in comparison 
with that of caseinogen. In 24 hours only one-third of the total phos- 
phorus and about one-half of the nitrogen were converted into a soluble 
form. Even in 36 days little more than half the total phosphorus had 
_ undergone conversion, though practically the whole of the nitrogen had 
passed into the soluble form. 

The digestion by pepsin was extremely slow. In 24 days less than 
one-third of the total phosphorus had been changed into a soluble form 
and at the same time the amount of soluble nitrogen was rather more 
than one-half. There is, in fact, a great resemblance to the caseinogen- 
pepsin digestion. | 

As is well known, it is extremely difficult to prepare ovovitellin free — 
from lecithin. When it is obtained in a state of purity, free or nearly 
free from lecithin, it no longer has the same properties, such as solubility 
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in saline solutions, which it had before purification. It is supposed 
therefore to be combined with lecithin and to be a lecith-albumin. 
Since we made no attempt to purify the ovovitellin it may be assumed 
that the phosphorus, still remaining in an insoluble form, may be 
contained to a large extent in the lecithin portion of the molecule. 
(Lecithin, being an ester, would not be acted on by trypsin unless lipase 
were also present. The presence of lipase is, however, very improbable 
since aqueous extracts of dried trypsin preparations do not possess any 
lipolytic power. Lipase is generally only obtainable from fresh prepa- 
rations of pancreas’.) If this should be the case, then half of the 
phosphorus of ovovitellin is combined in the form of lecithin. Lecithin, 
again, contains only a very small amount of nitrogen. In our experi- 
ment, the whole of the nitrogen, except about one-ninth, was converted 
into a soluble form. This result bears out our suggestion that the 
lecithin portion of the ovovitellin contains about one-half of the total 


DIGESTION OF CASEINOGEN BY ACID AND BY ALKALI. 


It was shown by Langstein™ that, when albumins were digested 
by pepsin in 1 per cent. sulphuric acid solution at 37°C. for one year, 
they were converted to a small extent into amino-acids. His results 
were criticised by Salaskin and Kath, Kowalevsky™, who sug- — 
gested that the separation of these simple products were due to the 
action of the 1 per cent. sulphuric acid for the prolonged period of one 

year. Langstein™ replied to this criticism and quoted.an unpublished 
experiment by Neuberg on the digestion of gelatine by 1 per cent. 
acid which confirmed his result. We have made an experiment upon 
this point and have found that at any rate no soluble P.O, was sepa- 
rated in the course of 4 days by 1 percent. H,SO,, the figures being 
3°4 mgm. P,O, at zero time and 3'5 mgm. P,O, after 4 days’ digestion. 
As soon as pepsin was added separation of soluble P,Q, took place, so 
that we can in so far confirm Langstein’s result. The experiment 
was not continued, since it was of greater interest to us to determine 
what strength of acid produced soluble P,O,. By employing about 
15 per cent. hydrochloric acid (equal volumes of HCl sp. gr. 1:16 and | 
water) we observed a somewhat rapid rate of separation of — P.O; 
from caseinogen, comparable to that of pepsin. : 

1 H. Engel has quite recently found that Rhenania pancreatin ‘‘ absolut” whey 
extracted with glycerine yields an active lipase. 
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50 grs. caseinogen suspended in 500 c.c. water +500c.c. HCl. Sp. gr. 116. 


Time Soluble P.O, in mgm. Time Soluble PgO; in mgm. 
0 | 3 days 
21 hours 17°83 27°8 
1 day 192 82°7 
2 days 23°2 23 ,, 44-0 
Total 


We have not made any further experiments upon the action of acids 
on caseinogen, since this subject has been investigated in great detail 
by Goldschmidt ™ from another point of view, and we found that the 
results obtained by the action of 1 per cent. alkali were of far greater 
interest. ; 

Having found that 1 per cent. sulphuric acid produced no separa- 
tion of soluble P,O, from caseinogen in 4 days, we investigated the 
action of alkali of the same strength. A great difference was observed. 
Soluble P,O, was separated at a rate almost identical with that obtained 

in the trypsin digestions. The whole of the phosphorus was split off 
in 24 hours, as the following data show :— 


(1) 40 gre. caseinogen in | (2) 10 grs. caseinogen in| (3) 80 grs. caseinogen in 
1500 c.c. water +20 c.c.| 875 c.c. water+5c.c.| 1500 oc. + 50 


+ NaOH. * NaOH. NaOH. 
500 c.c, NaOH. 125 ¢.¢. NaOH. 500 c.c, + NaOH. 
Soluble Soluble P 
. 5 mins. 3°1 0 0 4°6 
ljhours - 74 1 day 18:3 2 hours 14:2 
12-9 2 days 24:8 
25 ” 18°6 4 19°0 8 29°4 
2 days 190 24, 36°5 
19°1 18°5 36°5 
12 ,, 20°3 20-0 48 ,, 36°5 
Total 21-6 18°8 Total 39°3 
Total 


In every case the caseinogen was previously dissolved in a small 
quantity of alkali. It might be supposed that even this small quantity 
would cause a separation of soluble P,O,, but two experiments to deter- 
mine this showed that no splitting-off of phosphorus occurred. In 
24 hours in one experiment there was increase of 0°6 mgm. soluble P,O,, 
in another experiment there was no increase of soluble P,O, after 
21 hours. Thus, very dilute alkali sufficient only to dissolve the 
caseinogen caused no splitting-off of soluble P,O,. The results show 
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clearly that, except for quite a small residue, the whole of the phos- 
phorus of caseinogen goes into solution in 24 hours. The residue 
in the trypsin-caseinogen digestion is thus partly derived from the 
caseinogen. 

In two other experiments we also determined the rate at which 
soluble nitrogen was produced by 1 per cent. caustic soda, at the 
same time making determinations of the soluble P,O,. The results are 
best seen from the data and the accompanying curve (Exp. 5) :— 


(4) 20 grs. caseinogen in 750 H,O (5) 20 grs. caseinogen in 750c.c. H,O 
+1000. NaOH. 2500.c.¥ NaOH. | +1000. NaOH. 250c.c. NaOH. 
Soluble Soluble N. Soluble Soluble N. 
Time in mgm. in grs. Time in mgm. in grs. 
0 0°0147 0 — 0°0168+5= 3°36 
1 hour 6°6 0-0168 2hours 106 00175 = 85 
2 hours 81 00161 14°7 00189 = 38 
11°8 00175 16°5 00208 40 
11-7 0-0189 00252 = 50 
138-2 0-0217 00245 = 49 
18-7 0-0203 124 ,, 18-8 00245 = 49 
15°2 0-0231 00280 = 56 
0-0217 00280 = 56 
0-0238 Total 21-1 01449 =28-98 
17°7 0-0224 
82 ,, -0-0231 
48 ,, 17-5 0°0231 
30days 0°0357 
Total 0°1316 


Contrary to expectation the soluble nitrogen scarcely increased in 
24 hours whereas the soluble P.O, in this time reached a maximum. 
It seems as if the 1 per cent. alkali had the special effect of only 
splitting off soluble P,O, from caseinogen. 

During the action of the 1 per cent. caustic soda it was noticed 
that the digest became distinctly opalescent. On exact neutralisation 
_with the calculated quantity of sulphuric acid there was no change, but 
on slightly acidifying (not sufficient to turn congo red paper blue) a . 
voluminous precipitate was thrown down and the solution became almost 
free from opalescence. We have made a few preliminary experiments 
upon this precipitate, and have obtained a small quantity as a white dry 
powder by redissolving in alkali and reprecipitating and then drying with 

alcohol and ether. Its composition is under investigation. The acid 
- solution, which remained, contained albumoses precipitable by half 
saturation and complete saturation with ammonium sulphate. 
PH. XXXII. 30 
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THE SOLUBLE P,O,. 


It was found by Biffi® that 27 per cent. of the total phosphorus of 
caseinogen was converted into inorganic phosphoric acid by the action 
of trypsin, the remainder being combined in an organic form not pre- 
cipitable by magnesia mixture. It might be concluded from our results 
that the whole of the phosphorus was changed into inorganic phosphoric 
acid. The precipitation of albumoses and peptones by , tannic acid, 
however, is known to be by no means complete, at any rate in acid 
solution such as we have employed, and a further investigation of the 
nature of this soluble P,O, was necessary. For this purpose we employed 
the method of precipitation of phosphates as ammonium magnesium 
phosphate without previously oxidising the organic matter. . 


(1) The soluble P.O, obtained by the action of 1 per cent. caustic 
soda. The opalescent solution obtained by the action of 1 per cent. 
alkali on caseinogen was first slightly acidified, in order to remove the 
substance thrown down by acid, as above mentioned, in order that the 
solution should contain less albuminous matter, which might hinder the 
precipitation of the ammonium magnesium phosphate. The acid solu- 
tion so obtained was then employed directly. It was made alkaline 
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cc. +10 KH,PO, ” ” ” 46°15 
50 c.c. + 10 KH,Po, ” ” ” ” 46:02 ,, 
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with ammonia in the usual way and excess of magnesia mixture was 
added. This gave immediately a small white precipitate, which caused 
the values to be erroneous as the figures show :— 


50 c.c. oxidised and precipitated by Neumann’s method gave 27-01 mgm. P,O,;. 

_ This error, however, was entirely obviated by employing the mag- 
nesium citrate-method instead of magnesia mixture for precipitating 
the phosphoric acid. No precipitation occurred on its immediate addi- — 
tion, but. the ammonium — phosphate was thrown down on 
stirring vigorously :— 


50 ¢.c. precipitated by magnesium citrate gave 25°74 mgm. 

50 ” ” ” 27°13, ‘mean = 26°42 mgm 

50 ¢.0. ” ” 27°05, 
50 ” ” 25°74, 


The phosphoric acid is thus completely precipitated by this method, 
the small difference of 0°59 mm. being due to experimental error and not 
to incomplete precipitation in presence of albuminous matter. We 
have proved this by making further determinations in the presence 
of a known volume of standard acid potassiom phosphate solution 
(10 c.c.=20 mm. P,O,) as follows :— 


by citrate gave 40-00 mem. mean 
P,0; 
Hence 50 c.c. gave 26°19 mgm. P,0O,. 


Thus, the soluble P,O, split off from caseinogen by the action of 
1 per cent. caustic soda consists entirely of inorganic phosphoric acid. 
The small quantity of less than one milligramme which is not precipi- 
tated is negligible. It could be demonstrated by oxidising the filtrate 
from the ammonium magnesium phosphate by Neumann’s method and 
precipitating as ammonium phospho-molybdate. In all probability it is 
derived from the small quantity of nucleoproteid present in the 
caseinogen as above mentioned. 


(2) The soluble P,O, obtained by the action of trypsin. The 
solution remaining in Experiment (5)-was employed after the digestion 
had been continued for nearly two months. It contained a small 
precipitate from which it was filtered and the filtrate was examined in 


the way :— 


30—2 


= 46°19 mgm. 
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50 0.0.~precipitated by tannic acid and oxidised by Neumann's method &c. gave 
20-79 mgm. P,O,. 
50c.c, contained (i.c. 10.¢.c. oxidised directly by Neumann’s method, &c,) 20-92 mgm. 
i.e. the total phosphorus was present in a soluble form. 


50 c.c. precipitated by magnesium citrate gave 6-59 mean =7°11 mgm. P,0,. 


The inorgatie phosphoric acid was ‘as was shown ‘ty the 
following experiments where 10 c.c. standard acid potassium phosphate were-also added : 


50 c.c. +10¢.c. KH,PO, solution precipitated by magnesium citrate gave 27°64 mgm. mean = 27°45 mgm. 
50 c.c. +10 c.c. KH,PO, ” ” ” ” ” 27°26 mgm. P,O, 5 


i.é. 50 c.c, gave 7°45 mgm. P,O,. 


Thus, by the action of trypsin on caseinogen, the whole of its 
phosphorus is not split off as in organic phosphoric acid but only 35 
per cent. This value is 8 per cent. higher than that obtained by Biffi, 
but the discrepancy in the values can be accounted for by the length of 
time of the digestion, which, in our experiment, was considerable. 

Since 1 per cent. alkali separated the whole of the phosphorus of 

- caseinogen as inorganic phosphoric acid and trypsin only 35 per cent., 
the question arose, Will 1 per cent. caustic soda convert the remaining 
65 per cent. of the soluble P,O,, «.e. the phosphorus contained in organic 
combination of a trypsin-caseinogen digestion, into inorganic phosphoric 
acid? To determine this, to 200 c.c. of the above trypsin digest were added 


100 c.¢, water and 100 c.c. > NaOH solution. These quantities bring 


the percentage of alkali to 1 per cent. A precipitate was obtained on 
adding the caustic soda; this was filtered off and the clear filtrate was 
kept at 38° C. for 40 hours and then examined for inorganic phosphoric 


acid:— | 
50 c.c. precipitated by magnesium citrate gave 4°95 mgm. ) mean=6°26 mgm. me 
50 o.c.+ 10 ¢.c. KH,PO, solution precipitated mean = 5°03 mgm. 
nesium citrate gave 24°34 mgm. mean = | 
50 c.c.+10 c.c, KH,PO, solution precipitated by mag- | 24°91 mgm. 
nesium citrate gave 25°48 mgm. . 


i.e. 50 o.c. gave 4°91 mgm. P,O,. 


The original solution was diluted by an equal volume of water and 
alkali; 2 x 5°03= 1006 mgm. P,O, are therefore precipitated after the 
action of 1 per cent. caustic soda, an increase of 10°06 — 7-45 = 3°61 mgm. 
This corresponds to 50 per cent. of the total soluble P,O,. 
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A similar result had been arrived at by Biffi®, who, on boiling a 
trypsin digestion of caseinogen with barium carbonate, noticed an increase. 
of inorganic phosphoric acid from 27 per cent. to 56 per cent. He also — 
obtained inorganic phosphoric acid on boiling his trypsin digestion with 
dilute caustic soda after previously removing the inorganic phosphoric 
acid already present, but he made no estimation of its amount. 

_ There is, therefore, a very marked difference in the action of 1 per 
cent, caustic soda on caseinogen directly and on caseinogen previously 
digested by trypsin. In the former case, the total phosphorus is split off 
as inorganic phosphoric acid, in the latter only 50 per cent. of the total 
phosphorus is separated in this form. We are not yet able to explain 
this difference, but it seems that the manner of the combination of the 
phosphorus in caseinogen undergoes some change when it is acted upon 
by trypsin ; if combined in the same way in the products produced by 
trypsin as in the caseinogen itself it would be split off by 1 per cent. 
caustic soda in 24 hours as inorganic phosphoric acid. The isolation of 
this body containing phosphorus which is produced by the action of 
trypsin and is resistant to 1 per cent. alkali is at present under 
investigation, but we may state that it is completely precipitated by 
ferric alum in the same way as paranucleic acid obtained by the action 
of pepsin on caseinogen (Salkowski "). 


(3) The soluble P,O, obtained by the action of pepsin. The clear 
solutions filtered from the paranuclein of Experiments (4) and (5) were 
employed and the following results were obtained :— 


50 c.c. precipitated by magnesium citrate gave 1°77 mgm. 
” ¢.¢, +10 ¢.c. KH,PO, solution precipitated by magnesium citrate | mean=2-10 mgm. 
gave 22°44 mgm. | P.O, 
i.e. 50 ¢.c. gave 2°44 mgm. 


50 c.c. precipitated by magnesium citrate gave 0°63 mgm. 
50 ¢.c. +10 .c. KH,PO, solution precipitated by magnesium citrate | mean=0-96 mgm. 
gave mgm. | P.O, 
i.e. 50 gave 006 mem. 


Thus, by the action of pepsin on caseinogen only a minute miiseiliee 
of inorganic phosphoric acid is formed. Salkowski in his experiments 
obtained no inorganic phosphoric acid. Hence the soluble P,O, obtained 
by the action of pepsin on caseinogen is combined in an organic form. 
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SUMMARY. 


1. The whole of the phosphorus of caseinogen, except for a very 
small residue, is converted into a soluble form by the action of — 
in 24 hours. 


curve of the electrical conductivity during the first 7—8 hours; its 
rate of separation after this time is less rapid. 


_. $, The small insoluble residue is partly derived from the trypsin 
and partly from the caseinogen and consists most probably of the 
products of decomposition of nucleo-proteid. 


4. The “soluble P,O,” consists of inorganic phosphoric acid— 
35 per cent.-and organic phosphorus, +e. phosphorus combined in 
an organic form, 65 per cent. 


5. The phosphorus of caseinogen is very Sak canaiedl into 
a soluble form by the action of pepsin. The quantity, thus changed 
is only 70 per cent. in 149 days, and consists, except for a negligible 
quantity of inorganic phosphoric acid, of organic phosphorus. 

_ 6. Papain, in its action on caseinogen, is intermediate in power 
between pepsin and trypsin. In its rate of, splitting-off of “soluble 
P,0,” and “soluble nitrogen” it resembles trypsin the more closely, 
but it is much slower. 

It acts best in a neutral or faintly acid medium ; its action is slower 
in a slightly alkaline medium and is almost inhibited by 0°5 per cent. 
sulphuric acid and 0°5 per cent. sodium carbonate. 


7. Qvovitellin, containing lecithin, is very slowly digested by trypsin 
in comparison with caseinogen. Only one-half of its phosphorus is 
converted into a soluble form in 36. days. A similar quantity is 
probably contained in the lecithin portion of the molecule. 


8. One per cent. caustic soda converts the whole of the phosphorus 
of caseinogen into “soluble P,O,” in 24 hours. It resembles trypsin — 
very closely in its rate of action. | 


9. The “soluble P,O,” produced by 1 per cent, caustic soda in 
24 hours consists entirely of inorganic phosphoric acid. In the same 
time the quantity of “soluble nitrogen” scarcely increases. 
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10. The organic phosphorus produced by the action of trypsin — 
on caseinogen is not completely converted into inorganic phosphoric 
acid by the action of 1 per cent. of caustic soda. The total quantity 
. of inorganic phosphoric acid produced by trypsin and subsequently by 
{ | per cent. caustic soda is 50 per cent. of the total phosphorus of 
caseinogen. 


he expenses of tis reearch wore detrayed by «grant fom the Government Grant 
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‘, ON THE ABSORPTION OF PROTEIDS FROM THE 


INTESTINE. By E. P, CATHCART ann J. B. LEATHES. 
(From the Lister Institute of Preventive Medicine) 


Mucu of the recent work upon the enzymes which are secreted into the 
alimentary tract has made it probable that in the digestion of proteids 


~~ hydrolysis is carried further than used commonly to be supposed. 


Ktihne” 40 years ago first showed that proteids were partially destroyed 
by trypsine, and that when fibrin was introduced into the duodenum 
leucine and tyrosine were formed by the action of trypsine, in appreci- 
able quantities, in the intestine itself no less than in vitro; but he 
thought that proteid which was so completely hydrolysed as this was 
wasted, and therefore that it was improbable that such complete hydro- 
lysis took place to any extent in normal digestion. He also thought 
that one-half of the proteid molecule resisted the action of this enzyme 
entirely, and retained its proteid character when the enzyme had done 
its utmost. Kutscher® and others have since shown that tryptic 
action may completely break up everything that gives the biuret reaction, 
Zunz™® and others that pepsine also destroys proteid, and Cohnheim“ 
that another ferment exists in the intestinal mucous membrane, and 
also in the secretion of the small intestine, which hydrolyses peptones 
and albumoses and abolishes the biuret reaction in solutions of these 
substances. It seems therefore possible that the reason why the 


_ uncoagulable proteids formed in digestion are not found in the blood 


during absorption of proteids is, not that they are synthetized into 
coagulable proteids during their transit through the intestinal mucous 
membrane, but that they are still further hydrolysed and converted into 
substances which cannot be detected in the blood by the biuret reaction 
because they do not give this reaction, and in fact are the amido-acids 
simple and compound which are the final products of proteid hydrolysis. — 

In order to put this conception to the test some method must be 
devised for detecting such substances in the blood during the absorption — 
of proteids. Kutscher and Seemann™ tried to identify individual 
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amido-acids like leucine and tyrosine, which owing to their insolubility 
and the readiness with which they crystallise might be expected to 
separate out on evaporating down the filtrate obtained after coagulating 
the blood by heat. As is well known they failed to detect any such 
crystalline derivatives of proteids in the blood removed from dogs 
during the digestion of meat. Accordingly they concluded, as others 
had done before, that proteid food after it has been hydrolysed in 
digestion undergoes synthetic changes in the intestinal mucous mem- 
brane before it is handed on for distribution to the blood. 

It is a question whether the failure to detect crystalline derivatives 
under these conditions in the blood proves that such substances were 
not absorbed into the blood. It is true that large quantities of proteid 
had been given to the animals in their experiments, and that probably 
the greater part of this had been absorbed. But it does not follow that 
all that had reached the blood was still in the blood. The dogs were 
given two meals, each of about 100 grammes of proteid, 20 hours and 12 
hours respectively before the blood was collected for examination. How 
much of the nitrogen contained in these meals had been absorbed was 
not determined ; it is merely stated that the stomach and intestines in 
each case were found to be moderately full. Neither do we know how 
much of the absorbed nitrogen had been excreted by the kidneys. And 
if all that was absorbed reached the blood in the form of amido-acids 
and similar substances, there may well have been only traces still 
circulating in the blood when it was collected twenty hours after 
absorption began. We do not know at what rate these substances are 
removed from the blood by the tissue cells which feed on what the 
blood brings to them. It is certain that the amount of blood that 
passed through the intestine in the course of the 20 hours after the first 
meal was enormous compared with the volume that could be collected 
from the portal vein when the aninial was bled. So that even if 


absorption was still going on while the blood was being collected it is 


possible that only a very minute fraction of the absorbed substances was 
present in the blood that was examined. And there is a limit to the 
amount of even leucine and tyrosine which can be detected by crystal- 
lization from blood after coagulation, a limit which leaves it an open 
question whether all the proteid that was absorbed did not after all gain 
the blood in the completely hydrolysed condition. 

_ von Bergmann and Langstein® have more recently examined 
what they call the residual nitrogen of the serum, the nitrogen left in’ 
solution after removal of substances coagulable by heat, and they find - 
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that this residual nitrogen in dogs during digestion may amount to 14°77 
of the total nitrogen of the serum. They think there is some relation 
between the amount of residual nitrogen and the absorption of proteids. 


But they carried out only a few experiments, and on this point these are” 


not conclusive, and they did not compare the composition of the blood 
in the same animal before and after digestion. 

special investigation. 

The experiments carried out by Salvioli® i in Ledwie? s laboratory — 
in 1880 have often been quoted in support of the theory that the 
-peptones absorbed in the bowel are converted by the cells of the mucous 
membrane into coagulable proteids. In these experiments a small 
piece of bowel from 4 to 6 inches long was excised, cannulz put into the 
artery and vein supplying it, and blood circulated through them under 
a constant pressure of 60 mm. Hg. for rabbit’s, and 75 mm. for dog’s 
_ intestine, while the temperature of blood and intestine was maintained 
at 37°C. The blood was a mixture of 30 parts of calf’s blood and 70 
parts of a 0°75 °/, sodium chloride solution. ‘The intestine exhibited 
active movements for some three or four hours. At the end of that 
time it was found that the bowel was visibly fuller than before, and in 
some cases it was noted that blood and a grumous material was 
found in it. At the beginning of the perfusion 20 c.c. of a 10 °/, solution 
_ of peptone was introduced into the bowel : and at the end of the time it 
was found that the fluid contained about half a gramme of coagulable 
proteid, but no peptone. The blood that had circulated as is well known 
was also found to contain no peptone. 

Our first experiments were planned on the same lines. But we 
used a much greater length of bowel and tied our cannule into the 
main trunk of the superior mesenteric artery and vein: and for per- 
fusion we used the apparatus devised by Martin in which the blood is 
- oxygenated by being pumped through the lungs excised from a de- 
fibrinated dog. The blood used was that of the dog that supplied the 
lungs. Solutions of peptone or of the products of pancreatic digestion 
‘were introduced into the bowel in small quantities at a time. Like 
Salvioli we found that the movements of the intestine were active, in 
fact abnormally active, and as in his experiments the intestine became 
distended after an hour or an hour and a half; and when peptone had 
been put into it a considerable amount of the peptone was missing when 
the experiment was stopped. The contents of the bowel were collected 

and measured and the whole length of bowel washed out with normal 
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saline solution. The contents were usually deeply stained with blood 
pigment, and very thick and pasty. On opening the bowel the mucous 
membrane presented an appearance very far from normal: it was 
swollen, intensely discoloured in parts, and desquamating: the thick 
slimy paste removed with the fluid from the bowel was in part com- 
posed of desquamated swollen epithelium. This fluid together with the 
salt solution used for washing the bowel was acidified with acetic acid 
and boiled. It was then filtered and evaporated down with the addition 
of a little chalk, again filtered and made up to a definite volume, and 
two fractions removed for determination of the total nitrogen, two other 
fractions were treated with tannic acid and, after standing till the next 
day in stoppered vessels, were filtered, and a part of the filtrate simi- 
larly analysed. Samples of the blood taken at the beginning and end 
of the experiment were examined in the same way. 


By 


Exe. A. 160c.c. of a 10°/, solution of Witte’s peptone introduced into the excised 
intestine of a dog, in six portions at intervals of a quarter of an hour. The total 
nitrogen in the peptone solution was equal to 1616.0. of decinormal NH,, and of this 
897 ¢.c. was in the form of compounds that were not precipitated by tannic acid. After two 
hours perfasion was stopped and 285 e.c. of thick dark fluid were recovered from the bowel. 
After coagulation by heat the filtrate contained nitrogen equal on analysis to 1810 c.c. of 
decinormal NH,, and of this 1400c.c. were in compounds not precipitated by tannic acid. 


oe _ Exe. B, This experiment was exactly similar to the last quoted except that the fluid 
| introduced consisted of 150c.c. of a filtered pancreatic digest containing altogether 


[ nitrogen equal to 360.0. ‘NH, all but 12 ¢.c. of which was not precipitated by tannic 
acid. The fluid recovered contained nitrogen in uncoagulable combinations equal to 
590 c.c. 
tion by tannic acid. 


ae In a series of half-a-dozen experiments, otherwise successful, results 
& similar to these were all that we could obtain by this method: the 
| 2 other experiments therefore need not be described in detail. ‘So we 

concluded that : 


ie (1) Perfusion of the isolated bowel of dogs even with undiluted 

dog’s blood does not keep the mucous membrane in a normal condition, 

[ although to judge by the movements executed it = the muscular 
3 coats alive. 

(2) No demonstrable absorption of nitrogenous substances takes 

place under these conditions. : 


(8) Peptone is hydrolysed in the perfused bowel, and apparently 
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this is the fate too of some of the proteids of the effused blood, since the 
nitrogen in uncoagulable combinations in the bowel increased i in amount 
during the course of the experiments. 

And especially with reference to the interpretation of Salvioli’s 
experiments, we are inclined to think that the conclusions drawn from 
them are probably wrong. Peptones disappeared from the loops of gut, 
but to judge from our results it is improbable that it or any derivatives 
from it were absorbed: probably it was hydrolysed, and was regarded as 
having been absorbed simply because after hydrolysis the products no 
longer gave the peptone reactions. Cohnheim has already suggested 
that the reason why in these experiments the peptone that was missing 
from the intestine was not found in the blood was that it was acted 
on by the erepsin after absorption into the epithelium. Our evidence 
points rather to hydrolytic changes brought about in the lumen of the 
intestine by enzymes liberated from the cells. In reading the rather 
short account given of the appearances of the gut at the end of 
Salvioli’s experiments we get the impression that the mucous mem- 
brane may have been in no more normal condition than it was in ours. 
Indeed we cannot understand how it can have been, for diluted blood 
we found produced a condition worse than undiluted blood, and the 
blood which he employed was also that of a different species. 

_ We accordingly abandoned the attempt to trace absorption in the — 
isolated intestine and proceeded as follows. The dogs were prepared 
by being given about a drachm of liquid extract of male fern in the 
morning and a dose of castor-oil about six hours later. On the next 
day, no food having been given for 36 hours, morphia and A.C.E. were 
given and the abdomen opened. The small intestine was divided at 
the beginning of the jejunum, and the end of the ileum, and vertical 
tubes were connected with the two ends of the intervening part of 
the bowel. Through the upper tube the solutions for absorption were 
admitted in small quantities at a time: through the lower one gas 
could escape, and into it the peristaltic movements could expel fluid 
which subsequently would flow back again as the pressure was relaxed. 


In most cases cannule were introduced into the ureters, and tubes _ 


leading from these allowed the urine to be collected and measured. 
The abdominal incision was then stitched together, allowing only the 
tubes leading from the intestine or the ureters to project between the — 
sutures, A sample of the animal’s blood was drawn off from the carotid 
artery before any solution was put into the bowel and another at the end 
of the experiment. Two samples of 5 c.c. each were taken from each of 
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these for the estimation of the total nitrogen, and two samples of 20 c.c. 
each were each mixed with 25 c.c. of 20°/, tannic acid, containing 5 °/, | 
of acetic acid, in stoppered bottles: on the next day these were filtered, 
tested to see that precipitation was complete, and 15 c.c. of the filtrate 
analysed. The fluids introduced and recovered from the intestine were 
similarly analysed: the latter was measured, mixed with the washings 
of the bowel, coagulated by bviling, filtered, evaporated, and made up to 


. definite volume. The solutions used for absorption consisted of Witte’s 


peptone (5°/,) in two experiments: a solution of albumoses prepared by 
treating Witte’s peptone with ammonium sulphate, dissolving the pre- 


cipitate and dialysing off the ammonium sulphate; such a solution we 


used in five experiments: and a solution of pancreatic digestion products 
that gave no reaction with the biuret test; this also was used i in five 
experiments. 

The results of the experiments are given in the following Table 
(p. 468). 

In all of these eipesimeute absorption took place, the amount of 
nitrogen absorbed in the course of from two to three hours correspond- 
ing to an amount of proteid that varied from about 2 to 65 grm. In 
every case the total nitrogen in a given volume of blood was di- 
minished, in part at any rate, on account of the water absorbed from 
the intestine, but in every case the amount of nitrogen present in the 
form of compounds that are not precipitated by tannic acid was in- 
creased, and not diminished. The increase, it is true, is small, but it is 
constant, and taking into account the fact that the blood was more 
dilute at the end of the experiment than at the beginning, the increase 
is somewhat larger than it appears to be. Except in Exp. 7, where the 
dog was too small to allow the removal of sufficient blood at the be- 
ginning of the experiment, double analyses were done in éach case, and 
in four cases only is the second analysis not available through some 
mishap. The mean between the two results is given in the table, but 
the divergence of the two results from the mean is at the same time 
given with the sign + prefixed. It will be seen that the increase in the 
figures of the fourth column of blood analyses as compared with the 
figures in the second column lie in every case outside the limits of 
analytical error. The difference is therefore a real one, though a small 
one. In Exp. 12 the difference is seen to be progressive: the dog in 
this experiment was large enough to give three samples of blood before 
the final bleeding, and accordingly samples were taken half-an-hour 
and an hour after the first portion of the peptone solution was run into 
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the bowel, in addition to the one at the end of the experiment. Each 
specimen of blood removed during absorption is more dilute than the 
last, but contains more nitrogen after precipitation with tannic acid. 
In Exp. 13 the conditions were the same in every respect except that 
no nitrogenous substances were introduced, but a normal solution of 
sodium chloride used instead. In this case the blood becomes more 
dilute as in all the other experiments, but it also contains less of the 
nitrogen of the kind that we are concerned with, the diminution of this 
nitrogen is in fact more pronounced than that of the total nitrogen, 
This no doubt is due to the diuretic action of the absorbed salt solution 

- causing the kidneys to clear the blood of excretory products. This 
experiment therefore serves as a control of the others, and justifies us 
in associating the absorption of nitrogenous substances with the increase 
of nitrogenous compounds in the blood, which are not precipitated by 
tannic acid. But this is not the only control that we have. In the 
perfusion experiments referred to earlier in which we failed to get the. 
intestine to absorb nitrogenous substances, in all five experiments in 
which the blood was analysed, the ratio of this nitrogen to the total 
nitrogen was either unchanged or diminished. 

Our results therefore are quite clear on this point, that during 
absorption of nitrogenous substances, whether pure albumoses, Witte’s 
peptone, or digestion products that do not give the biuret reaction, the 
nitrogenous substances in the blood that are not precipitated by tannic 
acid are definitely increased in amount, though only to a small extent. _ 

We then tried to determine something as to the nature of the — 
nitrogenous combinations in the blood that were increased during 
absorption. In the first place in view of the well-known results 
obtained by Nencki and his collaborators, which showed that the 
amount of ammonia in the portal blood during digestion of proteids 
was greater than that in the systemic blood, as well as the experiments 
of Lang and others on the denitrification of amido-acids in the intestine 
and liver and other organs, we were interested in the variations of 
ammonia in the blood in our experiments. 

We made use of the method of Folin® which consists in blowing 
air through the blood at a temperature of about 25°C. and leading the 
air through titrated sulphuric acid. We tested the method as we 
practised it and found that 25 c.c. of blood, which by itself gave 0°2 c.c. 
of decinormal ammonia, gave after adding 12°5 cc. of decinormal 
ammonia solution under the conditions in which our estimations were 
made 122cc. In Exp. 9 25 cc. of the blood at the beginning con- 
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tained ammonia equal to 0°55 c.c. A sulphuric acid, and at the end the 


same volume of blood contained ammonia equal to 0°68 c.c. of the same 
acid. The ammonia in 5 c.c. of blood therefore increased by an amount 
represented by less than 0°03 cc. In 5 c.c. of blood. the nitrogen which 
was not precipitated by tannic acid increased, if allowance be made for 
the dilution of the blood, by an amount equal to 0°74 c.c., so that we 
were able to account for only about 4°/, of the increase in nitrogen 
soluble in tannic acid by means of the amount of ammonia that we 
found. In Exp. 11 there was less ammonia detected in the blood after 
the absorption than before. We conclude therefore that the nitrogenous 
compounds increased in the blood during absorption do not include 
ammonia in sufficient quantity to account for the phenomenon. 

Urea was the next nitrogenous compound to think of, and in two 
experiments we compared the amount of urea in the blood before and 
after absorption, using the method of Pfliiger and Schéndorff ®. 

We tested the range of accuracy of the method in our hands in the 
following experiments, 50-c.c. of blood to which 4 c.c. of a solution of 
urea of known nitrogen content were added gave us on distillation 
21°55 c.c. = NH, more than 50 c.c. of the same blood to which 4 c.c. of 
water had been added. The amount of urea added should have theo- 
retically yielded 21°72 c.c. In a second test carried out with about a 
tenth of the amount of urea our result was 2°05 c.c. instead of the 
theoretical 2°23 c.c. 

Proceeding in this way with 50 c.c. of the blood obtained in Exp. 10 
we found there was an increase in the urea in the blood during 
absorption which reckoned on 5 c.c. of blood accounted for 0°315 c.c. 
N 


aD NH;. The whole amount of nitrogen increase in this amount of 
blood after allowing for the change in concentration was only 0°7 c.c.: 
so that in this experiment the increase detected in the urea — 
accounts for nearly half the whole increase in nitrogen soluble in 
tannic acid. In the Exp. 11 the increase in urea accounted for 


nitrogen in 5 c.c. of blood equal to 0°21 ce. 7% NH,, which is again 


nearly half the whole increase of nitrogen soluble in tannic acid that we 
detected. 

To take another point, we have calculated the ratio borne by the 
increase in the amount of nitrogen contained in the blood not precipi- 
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tated by tannic acid to the total amount of nitrogen absorbed from the 
intestine. For this purpose we have reckoned that the volume of blood | 
in the animals’ bodies was 75 c.c. for each kilogram of body weight, and 
as far as it is possible to do so we have made allowance for the blood 
drawn at the beginning of the experiment and for the dilution of the 
blood, of which we have evidence in the diminution in the total nitrogen _ 
of the blood, and also in hemoglobinometric determinations which were 
. taken colorimetrically i in the different samples. 

We find in this way that on an average about one-seventh of the 
nitrogen absorbed is accounted for by the increase of nitrogen in the 
filtrate from the tannic acid precipitations. In one experiment it 
amounted to one quarter, but in two to less than a tenth. 

As to the rest of the nitrogen absorbed it is impossible from the 
data in these experiments to say how much of it corresponds to the 
nitrogen excreted in the urine. In most of the experiments, it is true, 
the nitrogen excreted in this way during absorption was considerable in 
amount. A dog under anesthesia very frequently secretes no urine, 
especially if it has been purged and has not had food for 24—36 hours 
previously. In four of our experiments that was practically the 
case. In others in which we waited after introducing the cannule 
into the ureters in order to be able to compare the rate of nitrogen 
excretion before and during absorption we found that this rate 
was considerably increased during absorption. Thus in Exp. 4 no 
urine was excreted in the hour preceding the introduction of fluid 
into the intestine, and then the flow began and amounted to nearly 
24 c.c. in 3 hours 10 mins., which contained nitrogen equal in amount 
to about one-quarter of that absorbed in this time. In Exp. 2 
the rate of nitrogen excretion for 1 hour 40 mins, before the absorption 


began was 10°6 c.c. A NH, in 10 mins. and afterwards during absorption 


averaged 19°6 c.c. in 10 mins., the increase in the urinary volume in 
the same time being much less than this. In Exp. 9 there was no 
excretion till 50 mins. after the first fluid was run into the bowel, and 
then in the next two hours the urine amounted to 24 c.c. containing 
nitrogen equal to more than 40°/, of that absorbed. In Exp. 11 the 
urine excreted in the time preceding absorption was very poor in 
nitrogen ac eaes with the later samples: in 5 cc. the nitrogen was 


equal to NH; as compared with 263 c.c.: and the’ total 


amount of oa excreted during absorption amounted to 55°/, of 
PH. XXXIII, 31 
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the absorbed nitrogen. But although in the majority of cases the 
- absorption of nitrogenous substances was accompanied by active nitrogen 
excretion there were, as is usual, irregularities in the excretory functions, 
and in any case it is impossible to say to what extent the nitrogen 
excreted during absorption was the same as that which was absorbed. 
We are left therefore unable to trace the greater part of the . 
absorbed nitrogen. We endeavoured to determine whether it was 
lodged in the liver; but we found considerable difficulty in the attempt, 
and we are not very satisfied with the results, For this purpose the 
left lobe of the liver was ligatured and removed at the time of the 
operation, and compared with the remainder of the liver at the end of 
the experiment. Two small pieces were cut off the left lobe, weighed, 
and the total nitrogen determined in these: two larger portions were 
cut up fine and dried at 105°C.: and finally two portions of about 
10 grm..each after being weighed were treated with anhydrous sodium 
sulphate, and after dehydration by this salt powdered and boiled in 
alcohol’, the dry residue after evaporation of the alcohol:was extracted - 
with boiling water repeatedly, the extract filtered and made up to the 
same volume in each case, of which a fraction was taken for nitrogen 
determination. The results obtained are given in the following table. 


Taste II. Analyses of the Livers. 


Water in Uncoagulable 
Ws 
Exp.6 Leftlobe 253 40°11 170-4 20°1 1°695 +0025 
Right lobe 26°3540°05 71°0840°18 210 401  #£==1% 0°45 


Exp.7 Leftlobe  23°3540°05 78°752025 1:30£0-01 
Right lobe 2352005 786 +01  1°6040-08 028 0°28 
Exp.8 Leftlobe 19°5540°05 62154025 1121002 
Right lobe 19° 40°4 6220403 1392005 0°29 


In each case we found an increase in the extracted nitrogen, though 
it was very small: in Exp. 7 reckoned for the Whole liver it would 
account for 65 c.c., which would be about 15 °/, of the absorbed nitrogen. 
But it is noticeable that the figures show that this increase in 
uncoagulable nitrogen was in one case the same as the increase in 


. This method, based on the suggestions of Pinkus (This Journal, xxvul. p. 57. 1901), 
has been extensively used by Dr cei gt who kindly communicated to us the results 
of his — with it, 
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the total nitrogen in the solids of the liver, while in one case it was less, 
and in the other more than this. Whether this means anything more 
than that the analytical methods employed were defective we are not 
prepared to say. Circumstances have prevented us from investigating 
this point further. 

So far as the analyses of the liver go therefore they point to this 
organ as being to some extent a place in which simple nitrogenous 
derivatives of proteids are deposited during the absorption of digested 
proteid material. Roughly about the same amount of these substances 
was detected in the liver as in the blood, and altogether therefore, 
about 30°/, of the absorbed nitrogen may be traced in these two 
situations. 

Putting the results described sogudbise it is clear that they are not 
decisive against the theory of intestinal synthesis of proteids. They | 
are compatible with it, inasmuch as we are not able to trace the 
whole of the nitrogen that had been absorbed. In Exp. 8 for instance 


the absorbed nitrogen was equal to 432 c.c. ri NH,: of this in the 


blood we accounted only for 46 c.c., in the liver for 65 c.c., and only if 
we may take the urinary nitrogen into account can we get anywhere 
near the total amount. In that case we should have traced altogether 
307 c.c. out of 432 ¢.c. Generally we found a little more in the blood, 
and in one case more than twice as much. 

But according to the theory that digested proteids are synthesized 
in the intestinal mucous membrane into coagulable proteids, such as are 
found in the blood, it is conceivable that an increase in the coagulable - 
proteid might be detected in the blood. We can only say that we could 
not detect it. The concentration of the blood was always altered, but 
the ratio of nitrogen in combinations precipitated by tannic acid to that 
in forms that escape precipitation was always diminished, not increased. 
And the change in concentration of the blood as determined by the 
hemoglobinometric method was. not different from the change as 
determined by the total nitrogen. If the absorbed digestion products 
reached the blood as coagulable proteid and stayed in the blood in this 
form then the change in concentration of the blood due to absorbed 
water should appear greater colorimetrically than by the estimation of 
the total nitrogen: but this is not the case. The agreement between 
the two methods of determining the dilution of the blood was generally 
close ; taking the mean of all determinations it came out to 11°66, 
dilution colorimetrically and 1233°/, by the total nitrogen estimation. 
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We lay no stress on the fact that it is this latter figure which is the 

higher of the two. We do not think that the question is capable of 
being decided in this way. We incline to look on the blood not as 
a storage place for nitrogenous nutriment but as concerned simply with 
the transport of such material. The nitrogenous substances removed by 
the blood from the intestine are we believe fixed in the tissues almost 
as rapidly as they are absorbed, and that is why they are not to be © 


. found in larger quantities in the blood. And also, it must be — 


remembered, there are many grounds for thinking that much of the 
absorbed products of proteid digestion lose their nitrogen in the process _ 
_ of absorption ; the larger amount of ammonia in portal than in systemic 
blood during digestion, the extremely rapid excretion of urea after 
a proteid meal, which in dogs has been shown to result in the excretion 
of the whole nitrogen of the meal within an hour or two of its 
absorption, the denitrification processes described by Jacoby™, Lang 
and others as part of the surviving metabolism of most organs of the 
body, but especially the intestine and liver, these as well as the 
observations of Folin™ and others on the distribution of urinary 
nitrogen among the different components of the urine under different 
conditions, all point to the storage of proteid food in non-nitrogenous 
combinations and not as resynthesised coagulable proteids. 

We therefore are inclined to account for the small fraction, 15 °/, on 
an average, of the nitrogen absorbed which we were able to detect in 
the tannic acid filtrates of the blood, not by supposing that the bulk is 
resynthesised in the intestine and converted into coagulable proteid, and 
. 80 lost among the other coagulable proteids of the blood, but partly by 
supposing that a considerable part of the nitrogenous substances lose 
their nitrogen in process of absorption in the intestine, and that the rest 
on reaching the blood are rapidly removed by the various tissues not 
only by the liver, but by the liver as well as the other tissues, and then 
in these tissues the denitrification processes are continued. The amount 
of amido-acids and similar compounds found at any moment in the 
blood should not be taken, we contend, as an index of the amount 
of the absorbed nitrogen which has been absorbed in this form, any 
more than Ktihne, Schmidt-Miilheim and others were right in 
arguing from the fact that the amount of amido-acids to be found in 
the intestine was small that only small quantities of these bodies are 
formed in digestion. If formed they are formed for absorption, not for 
accumulation in the intestine. So, too, with the absorbed amido-acids, 
they are not absorbed to be stored in the blood, they are removed from 
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the blood by the cells of the tissues and stored or dealt with there, so 


that the amount found at any moment still circulating in the blood is 
only a fraction of that which has been absorbed. 


CONCLUSIONS. 


1. Salvioli’s experiments do not prove that peptone which is 
absorbed into the intestinal mucous membrane is there converted into 
albumin and globulin. He did not prove that any nitrogenous substance 
was absorbed, and under similar conditions we could not obtain evidence _ 
of any absorption at all. 


2. When “ peptone,” albumoses, or the final products of pancreatic 
digestion, are absorbed from the intestine there is a constant small 
increase in the amount of nitrogenous substances contained in the blood 
which are not precipitated by tannic acid: this is sufficient to account 
for about 15 °/, of the nitrogen absorbed. 


3. There is a similar increase in these substances in the liver. 


4. A flow of urine may be set up by the absorption of such 
substance in dogs previously in a condition of inanition and under 
angsthetics, and in this urine a very considerable amount of nitrogen 
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ON THE IDENTITY OF TRYPSINOGEN AND ENTERO- 
KINASE RESPECTIVELY, IN VERTEBRATES. By 
J. MOLYNEUX HAMILL, M.A., M.B. (Cantab), BSe. (Lond.), 


Sharpey Scholar. 
(From the Physiological Laboratory - University College, Loudon.) 


BaAYLiss and Starling” have shown that secretin is not specific 
for each type of animal but is a definite chemical substance common to 
all classes of vertebrates. It became of interest, therefore, to ascertain 
if any similar relationship existed between the pancreatic juice and the 
enterokinase of different animals, that is to say, whether trypsinogen 
and enterokinase are specific for each animal or are the same substances 
‘throughout the vertebrata. To this end the following — was 


adopted. 


_ Methods, Enterokinase was prepared from such widely different 

animals as the dog, cat, rabbit, rat, pigeon, frog, tortoise and fish (dace). 
The mucous membrane of the upper portion of the small intestine of 
these animals was lightly scraped, the scrapings ground up with sand 
and extracted with chloroform water for 36 hours, This extract was 
filtered, first through paper and then through a Berkfeld filter. A 
slightly opalescent solution free from all solid particles was }) thus 
obtained. 

Pancreatic juice, prepared by the isiection of secretin into the 
jugular vein, a cannula having been previously inserted into the pan- 
creatic duct, was obtained from a dog, a cat and a rabbit, and was 
collected in sterilised flasks. To these juices equal volumes of 2°/, 
sodium fluoride solution was added. (In the experiments described 
below pancreatic juice, or, shortly, P.J., means a mixture of equal 
volumes of sodium fluoride solution and pure pancreatic juice.) 

A modification of Mett’s tubes containing, instead of coagulated egg- 
albumin, 10°/, gelatine dissolved in 1°/, sodium fluoride solution and 
coloured with methyl violet was used to indicate the development xd 
proteolytic activity in the solutions. 
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The following mixtures were then made in small flasks:— _ 


A. 26.0, Dog’s P.J.41¢.. Dogs Ek. <=14 45 
+1 c.c. Cat’s Ek, =14 4°5 
+1 c.c. Rat’s Ek. =14 4°5 
+1.c. Rabbit's Ek. =18°5 4°5 
+1 Frog’s Ek. =10 4% 
” +1<¢.¢. Pigeon’s Ek. =14 4°5 
+1 Tortoise’'s Ek.=18 50 
+1lec. Dace’sEk. =14 45 
” +0 0.0. Ek. = O 0 
B. 2 c.c. Rabbit's P.J.+1 ¢.c. Dog’s Ek. =13. 6 
Cat’s Ek. =18 6 
» +1c.c. Rat’s Ek. =11 55 
+1 c¢.c. Rabbit's Ek. =12 6 
+1c.c. Frog’s Ek. <= 7 55 
+0 Ek, a= 0 0 
2 Cat’s P.J.+1¢.c. Ek. =13 
+1 ¢.c. Cat’s Ek. =12 
+1 c.c. Rat’s Ek. =13 
+1 ¢.c. Rabbit’s Ek. =13 
+1c.c. Frog’s Ek. <=13 
+1 ¢.c. Pigeon’s Ek. =12°5 
» +1 6.0. Tortoise’s Ek.=18 
+loc. Dace’sEk. 
* +0 ¢.c. Ek. = 0 


Gelatine tubes and a drop of toluol were added to each flask and the 
whole left for 16 hours. At the end of this time the amount of gelatine 
digested is shown in the first column opposite each mixture. New tubes 
were then added to series A and B and were measured after the lapse 
of 6 hours, The results are given in column 2. 

Delezenne™® has already shown that pancreatic extracts obtained 
from various animals can be activated by dog’s enterokinase. From the 
above experiments we see that not only is this the case, but that entero- 
kinase from a variety of animals is capable of activating pancreatic 
juice obtained from different sources. It will be noticed that in A and 
B the amount of digestion at the end of 16 hours in the tubes activated 
by frog’s enterokinase is less than that in the@other tubes. That this is 
. due merely to the small quantity of enterokinase in the solution and not 
to any real difference in the enterokinase itself is proved by the fact 
that on the addition of new tubes digestion proceeds equally in all the 
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tubes; further, new and stronger frog’s enterokinase used in experiment 
C activates cat’s pancreatic juice just as readily as does the enterokinase 
of the other animals, 

Weare justified, therefore, in concluding from the above experiments 
that both enterokinase and trypsinogen are not specific for each animal 
but are always the same definite chemical smaivatinls — occurring 
in widely different classes of animals. _ 
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ON THE MECHANISM OF PROTECTION OF INTES- 
TINAL WORMS, AND ITS BEARING ON THE 
RELATION OF ENTEROKINASE TO TRYPSIN. By 
J. MOLYNEUX HAMILL, MA., MB. (Contabs), BSc, (Lond.), 
Sharpey Scholar. 


(From the Physiological Labora of University College, 


THE ae of antiferments naturally suggested that the resistance 
of intestinal parasites to digestion might be due to the presence of an 
antiferment in their tissues. This view has been advocated by 
Weinland®, who considers that the resistance of intestinal parasites to 
digestion is due to the presence of antiferments, especially anti-trypsin, 
in their tissues. On the other hand, Dastre and Stassano®, who 
have investigated the nature of the antibody in Ascaris, have come to 
the conclusion that it is not anti-tryptic but anti-kinasic in action. In 
dealing with these different results, it is necessary to take into account — 
the different views which are held as to the interaction of enterokinase 
and trypsinogen. 

According to Pawlow, enterokinase acts as an enzyme, converting 
trypsinogen into trypsin in the same way that trypsin converts proteids- 
_ into simpler products, Delezenne™, however, assigns quite a different 
‘ véle to enterokinase; according to him the conversion of trypsinogen 
into trypsin is brvaght about by a combination of the enterokinase with 
the trypsinogen, the resulting complex being trypsin. He endeavours 
to bring the activation of trypsinogen by enterokinase into line with 
the interaction between complement and immune-body. He regards © 
enterokinase as a complement, and trypsinogen as an immune-body, 
either of these substances alone is unable to attack proteid, but when 
all three, enterokinase, trypsinogen, and proteid are brought together, 
the trypsinogen, acting as an amboceptor, allows the enterokinase to 
attack and break up the proteid molecule. 
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The presence, in Ascaris, of an antibody which is antikinasic in 
character would be a considerable argument in favour of Delezenne’s 
view. It becomes of importance, therefore, to obtain definite evidence 
as to the precise nature of the antibody, whether it is antikinasic or 
merely antitryptic in action. 

I propose, then, in this paper, first of all to inquire into the nature 
and mode of action of the antibody in the juices of intestinal worms, 
and then to pass on to a consideration of some of its properties. — 


Methods. Preparation of worm extract. Worms (Ascaris), obtained 
from the intestinal tracts of horses, were washed and then ground up as 
thoroughly as possible with sand. The pasty mass thus obtained was 
covered with chloroform water, well shaken, and allowed to stand for 
36 hours. The liquid portion was then strained off through muslin, 
_ filtered through paper, and finally passed through a Berkfeld filter. In 
this way a clear yellowish aqueous extract of worms was obtained quite 
free from any cells. A little toluol was added to guard against 
putrefaction. The extract so prepared will retain its activity with but 
little impairment for weeks, or even months, 


The trypsin solutions were made by treating 3 grams of pancreatin | 
(“Rhenania”) with 100 c.c. of ‘2 °/, sodium carbonate solution and filtering. 


The solutions were always prepared as required and used at once. © 


In order to measure the proteolytic activities of my solutions I used 
a modification of Mett’s tubes employed by Fermi in which the 
albumin is replaced by 10°/, gelatine containing 1 °/, sodium fluoride as 
a preservative. The addition of a little methyl violet to the gelatine 
facilitates the measurement of the amount digested at the end of the 
experiment. This method, although not perfect, gives results quite — 
sufficiently accurate for an investigation of this character, and is much 
superior to Dastre and Stassano’s cubes of albumin and Weinland’s 
flocks of fibrin. Its use, however, is restricted to temperatures in the 
neighbourhood of 15°C. 


Enterokinase solutions and pancreatic juice were obtained foi dogs 
in the way already described in my previous paper”. 


eS THE MODE OF ACTION OF THE ANTIBODY. 


mixtures were made :-— | 


‘ ? 
. 
aq 
wee 
> 
ery 
“wen 


ANTIBODY OF INTESTINAL WORMS. 481. 


2 ¢.c. Trypsin +0 c.c, W. extract=18 | Trypsin+ 6¢.c, W extract=6 
». *+ 1606 » » + Tw ” =4°5 
” in ” » +8, ” =8 
” o + ” ” =1 
” ” + hy » %=9 ” » +10,,, ” =0 
” ” 8 


: Each mixture was made up to 8 ¢.c. with water. Gelatine tubes and a drop of toluol 
La were added to each. The digestion in mm. after 16 hours is given opposite each mixture. 


/ _ ‘That the trypsin used contained no enterokinase free to such a 
‘a degree as to be able to activate pancreatic juice was proved by adding 
1 cc. trypsin to 2 cc. pancreatic juice; and 1 cc. to 2 c.c. water. 
Gelatine tubes were digested with equal rapidity in both mixtures, thus 
proving that the pancreatic juice had not been activated. Similar 
experiments with other commercial trypsins have yielded exactly similar 

* results; no trace of free enterokinase could be detected in any of them. 
Nevertheless, Dastre and Stassano™, adhering to the conception of 
the dual nature of trypsin, believe that enterokinase exists in trypsin, 
although modified to some extent in combination. They assert that the 

‘2 slowing and ultimate cessation of proteolysis which occurs as successive 

e portions of proteid are added to an activated pancreatic juice (trypsin) 
= are due to the using up of one or other of the components of the trypsin, 

and that such exhausted trypsin can be restored to ee by the 

| | -, addition of enterokinase or inactive pancreatic juice. 
| To test this the following experiments were performed :— 


5 grs. of gelatine were added to 20 ¢,c. trypsin; and 20 c.c. of the same trypsin were 


ag kept as a control. Toluol was added to each. After the lapse of a week the following 
mixtures were made and gelatine tubes added. 
Dig. in. mm. Dig.-in mm, 
2 cc. Ex. Ek =1 Ex, T.+1lec. PJ =1 
2 c.c, Ex. T.+1 BEk=1 2 c.c. Ex. T.+1 ¢.c. B,PJ=1 
+lec. Ek =4°5 2c.c.C.T. +lec. PJ 
2c0c.C.T. +lec. BEk=4'5 2e0.C.T. +1c.¢. B.PI=50 


Control: 2PJ +1 drop Ex. T. =0, 
The tubes were measured at the end of 16 hours. — 
Ex. T. =“ exhausted” trypsin; C.T.=control B.Ek =boiled enterokinase ; 

B, PJ = boiled pancreatic juice. 
| - We see that it is a matter of complete indifference whether we add 

zt: enterokinase and pancreatic juice, or boiled enterokinase and boiled 
pancreatic juice to the exhausted trypsin. Obviously, therefore, entero- 
kinase and pancreatic juice are incapable of restoring proteolytic activity 
to an “exhausted ” trypsin solution. Bayliss” has shown that dilution 
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of a tryptic digestion mixture which has reached a standstill will-enable 
further proteolysis to occur; any increase of proteolytic activity 
_ observed by Dastre and Stassanc was probably due to mere dilution 
of the mixture by enterokinase or pancreatic juice. Furthermore, 
Bayliss and Starling have brought forward a mass of evidence in 
support of the view that trypsin is not equivalent toa combination of 
enterokinase and trypsinogen, as Dastre and Stassatio believe, but is — 
an entirely new substance differing in every way from both enterokinase 
and trypsinogen. They -have shown also that enterokinase plays 1 no 
part in the proteolytic activities of trypsin. 

It is obvious, therefore, that the inhibiting effect of worm extract on 
digestion in an experiment such as that described on page 481 where no 
enterokinase in any form whatever is present, can be due only to a 
substance depressing the proteolytic activities of trypsin ; that is to say, « 
the inhibitory effect of the antibody is antitryptic in nature. 


Is the antibody also antikinasic? It is possible that the antibody in 
the worm extract, in addition to its antitryptic power, may also possess 
the power of inhibiting the activities of enterokinase ; that is to say, 
may be antikinasic. Thus, when enterokinase, pancreatic juice, and 
worm extract are mixed together, the prevention of the development of 
proteolytic power in the solution might conceivably be due to the non- 
conversion of trypsinogen into trypsin owing to the inhibitory effect of 
the worm-extract on the normal activities of the enterokinase. 

In attempting to settle this point we are met at the outset by the 
difficulty of determining whether the arrest of digestion is due to 
inhibition of the activity of trypsin already formed, or to the inhibition 
of the activity of the enterokinase, thus preventing the transformation of 
trypsinogen into trypsin. 

In addition to this, the matter is complicated still further by our 
ignorance of the quantities of the active substances in the solutions with 
which we are dealing. I have succeeded, however, in devising experi- 
ments in which these obstacles have been overcome. 

But before describing these, let us examine the evidence which 
Dastre and Stassano adduce in favour of the antikinasic power of 
worm extract. These observers“ mixed worm extract and enterokinase ~ 
and kept them at 37°C. for 3 to 4 hours. They then added pancreatic 
juice and a cube of albumin; the cube did not undergo digestion. This 
was their crucial experiment, and from it they concluded that the worm 
extract had destroyed the enterokinase and had thus prevented the 
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activation of the pancreatic juice. It is well known that enterokinase in 
alkaline solution is rapidly destroyed at 37°C.; Dastre and Stassano 
guarded against this source of error by omitting the usual *5°/, sodium 
carbonate when mixing the enterokinase and worm extract. But their 
worm extract contained 2°/, sodium fluoride. Sodium fluoride is dis- 
tinetly alkaline, and is itself sufficient to destroy enterokinase-as the 
following experiments show. 


just as prepared (Ek.). To the rest was added sodium fluoride up to 2°), (Ek %*). The 
worm extract used was neutral. The following mixtures were then made : 

Gel. digested in mm. 
after 16 hours. 
(800. = 3890 
(80.0. = 50 
A (‘8 0.0, Ek™*)+1 0.0. PJ+1 0,0. W = 890 


for 2 hrs. | (‘3 Ek+10¢.0. W)+1 0.0. PJ = 890 
(3 Ek+1 ¢.c. H,O)+1 PJ = 
(‘3 o.c. Ek) +1 c.c. PJ +1 ¢.c. W = 89 


(30.0. = 0 
(8 cc. = 0 
B (30.0. = 0 


for 2 hrs, <= 38% 
(3 o.c. Ek+1 ¢.c. H,O) +1 ¢.c. PJ 
(3 c.c, Ek)+1 ¢.c. PJ +1 ¢.c. W = 80 


The brackets indicate that their contents have been kept together for 2 hours and then 
the substances outside the brackets added. In series A the substances in brackets were 
kept at 15° ©, for 2 hours. In series B the substances in brackets were kept at 37° C. for 
2 hours. Gelatine tubes and toluol were added to all and the amount of digestion 
measured at the end of 16 hours. 


From this we see that activation occurs in all the tubes except 
those in which the sodium fluoride enterokinase had been kept for 
2 hours at 37°C. Dastre and Stassano’s fundamental experiment 
is thus inconclusive ; enterokinase exposed to the action of worm extract 
for some time, even at 37°C., will activate pancreatic juice unless 
destroyed by substances like sodium fluoride before the pancreatic 
juice has been added. It is not permissible, therefore, to interpret the 
experiments which follow this one in their paper and which are in- 
tended to confirm it, by assuming, as these observers have done, the 
existence of antikinase in the worm extract; nor, indeed, is it necessary, 
since all the phenomena recorded can be accounted for quite satis- 
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factorily on the assumption that worm extract possesses antitryptic 
powers only. 

I will now pass to ibaa devised with the object of proving 
in a positive manner _— worm extract can function as an antitryptic 
agent only. 


1 ¢.c, Ek and the whole left for 4 hours at 15°C. 10.c. Ek without W (WO) was kept as 
a control. At the end of 4 hours, 2 c.c. PJ were added to each, and the volume of liquid 
made equal in each flask by the addition of water. 


Series (b). 1 0.¢., 15 ¢.c., and 2.¢,.c. W were each added to separate lots of 
2 c.c. PJ at the same time as the corresponding operation was performed in (a) and left 
for 4 hours at 15° C. 20c.c. PJ without W (W0) were kept as a control. At the end of | 
4 hours 1 c.c, Ek was added to each and the volume of the liquid made equal in each flask 
by the addition of water. Gelatine tubes and toluol were added to (a) and (b). After the 
lapes of 30 hours the tubes were measured with the following result : 


Series (a) Series 
of gel. digested of gel. digested 
wo wo = 12 
W's Ws = 
= 10 = 10 
W15 = 7 W1°5 7 
W2-0 = 2 = 8 


Digestion proceeds equally in both (a) and (6). If the antibody 


were antikinasic in nature we should expect to find a difference in 


digestive power between (a) and (b) such as Bayliss and Starling® 
obtained when using an antikinasic serum prepared by injecting animals 
subcutaneously with enterokinase solutions. We find, however, that it 


_ is a matter of complete indifference in which order the worm extract is 


added to the mixtures; that, in fact, the worm exerts its activity only 
when trypsin is formed ; that is to say, is antitryptic only. 

Further investigation on entirely different lines leads us to the 
same conclusion, namely, that worm extract possesses no antikinasic 
power. If worm extract be added to a trypsin solution in such quantity 
as just to inhibit the activities of the latter, addition of enterokinase 
to this neutral mixture should (if the worm antibody has any affinity 
for enterokinase) cause a redistribution of the antibody in such a way 
that it shares itself between the enterokinase and the trypsin in pro- 
portion to its affinity for these two substances. If this occurred, some 


of the trypsin would become unmasked, and gelatine tubes added to 


the hitherto neutral solution would now Sige digestion. This was 
tested in the following way: 
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It was found by trial that gelatine tubes placed ins mixture of 2 o.c. trypsin and 
1°5 c.c. worm extract showed no sign of digestion at the end of five days. Therefore, 
@ mixture of 2 c.c. trypsin and 1-5 o.c. worm extract was taken as a neutral or balanced 
mixture. To two lots of such a mixture (2 c.c. trypsin + 1°5 ¢.c. W) were added 1 o,c, Ek 
and 2 ¢.c.-Ek respectively. A third portion without any Ek was kept as a control, The 
volumes in all the flasks having been made equal by the addition of water, gelatine tubes 
and toluol were added. At the expiration of four days no digestion had taken place in any 
of the flasks; at the end of the fifth day 2 mm. of gelatine had disappeared in each flask. 


It will be noticed that the neutrality of the mixtures persists for 
a time, but that eventually their tryptic activities become manifest. 
The mere disappearance of the inhibitory effect need not detain us in 
this connection. It is, however, important to notice that it persists for 
the same length of time in all the flasks, and that digestion, when it 
does begin, proceeds with equal rapidity in all three mixtures. The 
presence or absence of enterokinase in no way affects the balance between 
antibody and trypsin. 


If then, as this experiment seems to show, the sesliiabies devotes all 
its energies to the suppression of tryptic activity, the addition of a small 
quantity of a balanced mixture of pancreatic juice, enterokinase, and 
worm extract to pancreatic juice should cause activation of the latter; 
whereas, if the antibody were purely antikinasic no such activation 
should occur. aM 

To test this, Ek, W, and PJ were ole together, the nintiaiate of W 
being varied till a balance was attained. Finally, a mixture of 1c.c. 
—~«Ek+25 ce. W+2cc. PJ was found to remain inactive for five days. 
Therefore, two lots of 1 c.c. Ek + cc. W +2c.c. PJ were made up; 
one, to which gelatine tubes were added, was kept up as a control ; half 
of the other lot was added to 2c.c. PJ after the lapse of 10 hours, and, 
at the same time, a control of $c.c. Ek + 12cc.W+3cc. PJ was set 
up. Gelatine tubes were added to both mixtures. After the lapse of 
16 hours digestion was equal in both flasks (6 mm.). The balanced 
control showed no digestion. 

This experiment proves that in the balanced mixture the enterokinase 
was not appropriated, either in whole or in part, by the antibody; that 
is to say, $c.c. of active enterokinase must have been added to the 
2c.c, PJ in order that digestion by both it and the control tube should 
have been equal. Thus, here also the inhibition must have been purely 
antitryptic in character. 
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II. THE PROPERTIES OF THE ANTIBODY. 


The action of heat on worm ewtract. Worm extract prepared in the 
way already described was used in these experiments. Its reaction was 
neutral, or faintly acid; never alkaline. Four separate lots of worm 
extract were taken; the first was allowed to remain at 15°C. for 6 hours, 
the second was kept at 37°C. for 6 hours, the third was kept for the 
same time at 50°C., and the fourth was boiled for 5 minutes. With 


these the following mixtures were made :— 


W extract at 15° C0. for 6 hours. 


Digestion in mm. 
T+2¢ c.c. W=50—5'5 
2c.0. T+8 W=45—50 
W= 


extract at 50° ©. for 6 hours. 
2 0.0. T+2 6.c. W=5'5—5'5 
2 c.c. T+3 W=5°0 —4°5 


W extract at 87° O, for 6 hours, 


Digestion in mm. 
2 cc. T+2 6.c. W=50—55 
W=45—4'5 
2cc. T+0 6.0. W= 11—I11 


W extract boiled for 5 minutes 


260. T+2 00. W=50—5°0 
2 c.c. T+3 o.c. 
2cc. T+0¢.c. W= 11—11 


2c.c. T+0c.c. W= 11—11 


T =trypsin solution ; W=worm extract. Gelatine tubes and toluol were added. The 
numbers opposite each mixture give the amount of digestion in mm. WE one oF ‘the 
| tubes 20 hours later. 


These experiments clearly show that the antibody in worm extract 
prepared as above described is capable of withstanding a considerable 
rise of temperature. Even boiling for five minutes does not in the least 
impair its activity. Weinland® has stated that the inhibitory power 
of worm extract is abolished at 100°C., and Dastre and Stassano“ 
confirm his observation. As we — see, their results are obtained ~— 
if the medium is alkaline. 


In these experiments the acid worm extract was made by the 
addition of 3 or 4 drops of strong hydrochloric acid to about 5 c.c. of the 
extract. The alkaline extract was made by the addition of 1 cc. of 
2N.Na,CO, to 1 cc. of worm extract. Thus the alkalinity of the mixture 
was equivalent to that of N.Na,CO,. Portions of both alkaline and acid 
extracts were kept for 6 hours at 15°C., at 37°C., and at 50°C., and 
some was boiled for 2 minutes. The following mixtures were then 
made, the acid worm extract being first neutralised when cool ; 
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Acid W at 15° C. for 6 hours. 
2 00. T+2 0.0. W=50—5'5 


Acid W at 87° ©, for 6 hours. 
T+2 60. W=50~5'5 


_ Acid W at 50° C, for 6 hours. 


Alk. W at 15° C. for 6 hours. 
T+2 6.0. W=50—55 


2 c.c. T+2 oc. W=50—5'5 


Alk. W at 50° C. for 6 hours. © 


20.0, T+2¢0.W=50-50 2¢.c. T+2 0.0. W=90—90 
Acid W boiled. Alk. W boiled. 
2c0.T+2cce.W= 5—5 2¢.c. T+2 W=90—9'5 


2 oc. T+2 alk.=90—9°5 


_ Gelatine tubes and toluol were added and the digestion, measured in mm. after 16 hrs. 
appears opposite each mixture. T= trypsin solution. W=worm extract. Alk. (in control) 
=N. Na,CO,. 


Thus we see that whilst acid worm extract may be heated with 
impunity even to the boiling point, alkaline worm extract, though 
preserving its inhibiting power well during prolonged exposure to 37° C., 
rapidly loses it as the temperature rises. I have repeatedly boiled acid 
worm extracts for 10 or 15 minutes without in any way impairing their 
activity; whereas extracts, rendered even faintly alkaline, at once lose 
their power when raised to the boiling point for a few moments only. 


We are now in a position to understand why simple heating to 
100° C. destroyed the antibody in Weinland’s extracts. In preparing 
these extracts he used a solution of disodium hydrogen phosphate so 
that the extracts had a strongly alkaline reaction. That this is the 
cause of the results which he obtained is sufficiently obvious from the 
following experiment : 


20.0.T+2H,0 = 8—8 


Digestion in mm. 
= 40 
= 40 
=10%5 
2c.c.T+2c.0. Wph. = 40 
2 ¢.c. T+2¢.c. BWph.= 9°5 
2 c.c. T+2¢.c. H,Oph.= 9°5 


Explanation, BW=worm extract boiled for 3 minutes. | 
The three lowest mixtures of the series are the came as the upper three except that 
each contains 5°/, Na,HPO,. Gelatine tubes and toluol were added, and ~~ 
in each tube was measured after 20 hours. 
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We see that worm extract to which disodium hydrogen phosphate _ 
has been added is just as powerful an inhibitor of tryptic digestion as 
ordinary worm extract. This phosphate solution, however, when boiled, 
completely loses its anti-action, whereas ordinary worm extract after 
similar treatment retains its activity unimpaired. 


Diffusibility of the antibody, This was investigated in the following 
way. 15 oc, of worm extract were dialysed against running water for 
four days, whilst 15 c.c. of the same extract were kept as a control in a 
flask with a little toluol. The 15 cc. of dialysed worm extract became 
diluted to 48 «.c., therefore the 15 c.c. of control extract were also Eunos | 
to 43 c.c. -_— the following mixtures were made :— 
Dig. in mm. 

6.0. =38°5 


2 T+2 DW=7°0 
20.0. T+2 0.0, H,O=7°0 


Dialysed’ worm extract = DW. Gelatine tabes and 


| From the fact that the worm extract nen all its inhibitory action 
after dialysis we can conclude that the antibody is not colloidal in 


nature, but, on the contrary, possesses the power of diffusibility to a 
marked degree. 


“The action of alcohol on worm. juice. For these experiments worms 
were thoroughly ground up with sand, mixed with kieselgubr, and 
subjected to a pressure of 300 kgs. per sq. cm: in a Buchner’s press. A 
clear yellowish juice, acid in reaction, was thus obtained. Two volumes 
of absolute alcohol were added to the juice and the heavy precipitate 
which formed was filtered off. The precipitate was washed six times by 
shaking with a mixture of two parts of alcohol and one of water; the 
filtered aqueous extract was used in the experiments below as AP. 
The. alcoholic filtrate was evaporated nearly to dryness in vacuo at a 
temperature of 40° C. to get rid of the alcohol. The residue redissolved 
in water is spoken of below as AE,. 


The solution AP, was now taken, some was kept neutral (AP, neut.) ; 
some of this neutral solution was boiled (BAP, neut.); some was acidified 
with HCl, boiled for 3 minutes, allowed to cool and then carefully 
neutralised with ammonia (BAP, acid); finally, some was made just — 
alkaline with ammonia and boiled for 3 minutes (BAP, alk.) The 
following mixtures were then set :-— 
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2 ¢,¢. T +2 0.0, AP, =38°0 
2¢.¢, T+2 BAP, nent, =38°5 

_ T+2 ¢.c. BAP, acid 
20,¢, T+20.c. BAP, alk. =8-0 
2 ¢,c. T+2 c.c. H,O =80 


Gelatine tubes and toluol were added, the tubes were measured after 16 hours. 


The solution AE, was also examined for ee msemarts caeaniele in the same 
way as AP,, 


The following mixtures were made: 
after 16 hrs. 


2 c.c. T+2 0.0. AE, =3-0 
2 T+2 c.c. BAE, acid=3°0 
26.0. T+2c.c. BAE, alk. =7°0 
Zee. T+2 H,0 =70 


From these two experiments we see that both the precipitate and 
filtrate, obtained by the addition of two volumes of absolute alcohol to 
the worm juice, contain antibody. Prolonged washing of the precipitate 
with alcohol of this strength does not remove the inhibitory substance. 
The probable explanation of this is that some of the antibody is carried 
down by the precipitate and held there by a process analogous to 
adsorption, and in this state 66 °/, alcohol is unable to remove it from 
the precipitate. 

Since the alcoholic filtrate is acid in senotion: we can aie the 
filtrate to dryness on the water-bath instead of boiling off the alcohol in 
vacuo as described above. The aqueous extract obtained by treating © 
the residue with water is strongly inhibitory, as is seen from the follow- 
ing experiment :— 


afer iohrs 
2c.c. T+2 AE, =80 
2 c.c, T+2¢,¢, BAE, acid =3°0 
2 c.c. T+2¢.c. BAE, alk. =7°7 
2 T+2 ¢.c. H,O = 


If we now take the alcoholic filtrate obtained by treating worm juice 
with 2 volumes of absolute alcohol (AE,) and add to it a further quantity 
of alcohol (2 volumes) a very fine precipitate amounting to hardly more 
than a turbidity is produced, Eventually, however, the scanty precipi- 
tate settles to the bottom of the vessel, leaving the alcoholic solution 
quite clear. No further precipitate is produced by adding more alcohol. 
The precipitate was filtered off and washed with alcohol. It dissolved 

readily in water, the solution so obtained being here called AP,. 
32—2 
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The alcoholic filtrate from this precipitate was evaporated almost to 
dryness in vacuo at 40°C. The residue dissolved in water is called AE.,,. 
The solution AP, was now taken; some was made acid with HC), 
boiled for 3 minutes and then cooled and neutralised (BAP, acid); some 
was made faintly alkaline with ammonia and boiled for 2 minutes 
(BAP, alk.); and some was kept untouched (AP,). 
The aqueous AE, was treated in the same way as AP, ane song 
following mixtures were made :— 


Mm. digested Mw. digested 
2 c.c. T+2 c.c. AP, 2=2°5 2 c.c. T+2 0.0, AE, =6°0 
2 c.c. T+2 oc. BAP, acid=2°5 T+2 cc. BAE, acid=60 
2 cc. T+2 ¢.c, BAP, alk. =6°5 2 c.c, T+2 BAE, alk. =7°0 
2ee,T+2¢.c. HO =7°0 2 0.c. T+2.¢.c. H,O =70 


Tolnol and gelatine tubes were added and the digestion measured after 16 hours. | 


We see from these experiments that the fraction AP, precipitated 
by the addition- of further alcohol is extremely active in inhibiting 
_ tryptic digestion ; further, practically all the antibody is thrown down by 
this concentration of alcohol, since the filtrate possesses only an insigni- 
ficantly small inhibiting action. 

To the clear alcoholic filtrate AE,, three volumes of ether were added. — 
A scanty granular precipitate was thrown down. This was filtered off, 
washed ‘with ether, and dried. It dissolved easily in water, forming a 
clear solution, EP. The ether filtrate was evaporated aig to eras 
in vacuo, and the residue dissolved in water, EE. 


The following mixtures were then made :— 


= 70 
. = 70 
= 60 


Gelatine tubes and toluol were added and the digestion measured after 16 hours. 


The ether extract is thus practically without inhibitory power, the 
ether precipitate is quite inactive. The solution AE, gives the biuret 
reaction and Fehling’s test. AE, gives Fehling's test but no biuret 
reaction. The solution EE gives no Fehling’s test or, at the most, gives 
a very slight reduction. The precipitate EP however reduces Fehling’s 
solution very strongly. 

We are able, therefore, by means of the addition of alcohol, to 
precipitate first of all most of the proteid from the worm juice. Both 
this ities and the alcoholic filtrate obtained from it exert a 
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markedly inhibitory actior on tryptic digestion. The alcoholic filtrate 
can be evaporated to dryness on the water-bath and the residue still 
retains its activity. From this weak alcoholic filtrate a further scanty 
precipitate can be thrown down by the addition of more alcohol. This 
precipitate is intensely active ; its aqueous solutions react. to heat in acid 
and alkaline media just as dots the original worm juice. Practically 
the whole of the antibody is precipitated by this strength of alcohol 
(85 °/,), since the filtrate from it is almost inactive. By the addition of 
ether to this filtrate another precipitate is obtained, but this is inactive ; 
it probably — merely the carbohydrate element in the worm 
juice. 

From the foregoing observations the antibody appears to be a definite 
chemical entity of no very great complexity. It is readily diffusible, 
very thermostabile in acid solution, but easily destroyed when rendered 
alkaline, resembling in this respect such a substance as, say, secretin. 
Like some of the vegetable albumoses it requires a high concentration 
of alcohol to precipitate it from solution. It is possible that in structure 
the antibody may prove to be of the same order of complexity as some 
of the amino-acids. To this point, however, I hope to revert in a future 


SUMMARY. 
1. The antibody in the tissue juices of intestinal worms is anti- 


tryptic in its action as stated by Weinland and- not antikinasic as 
Dastre and Stassano assert. 


2. The antibody, in neutral or acid extracts of intestinal wormns, is 
uninjured by boiling; if, however, the extracts be made even faintly - 
alkaline their anti-action is immediately destroyed on boiling. 


3. The antibody is soluble in weak alcohol, but is precipitated when 
the concentration is increased to 85 °/,. The precipitate dissolves easily 
in water and the resulting solution strongly inhibits the proteolytic 
activities of pancreatic juice. The antibody diffuses readily through 
colloid membranes. 
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A METHOD FOR THE DETERMINATION OF THE 
VOLUME OF BLOOD IN ANIMALS. By C. GORDON 
DOUGLAS, B.A., (One Figure in Text.) 


(From the Physiological Laboratory, Oxford.) 


THE present investigation was undertaken with a view to ascertaining 
whether the CO method of estimating the total mass and oxygen 
capacity of the blood, which was employed by Haldane and Lorrain 
Smith in the case of man’, could be satisfactorily applied to animals. . 
The advantages of the CO method are obvious. Experiments can be 
repeated on the same animal at frequent intervals of time, the only 
essential factor being that the animal shall have eliminated the whole 
of the CO administered in a previous experiment. This admits of 
‘experiments being conducted on the same animal on consecutive days if 
necessary. The CO seems to exercise no harmful effect upon the 
animals; and their condition, if saturation of the blood with this gas is 
not allowed to rise above 30°/,, appears after an experiment quite 
normal. Beyond the withdrawal of a minute sample of blood from the 
ear no injury is necessary. 

It was also felt desirable to ascertain whether the CO method bot 
give similar results for the total O, capacity to those obtained by the 
employment of Welcker’s method, which necessitates the death of the 
animal and the extraction post mortem of blood from its tissues by 
appropriate means. 

In all the experiments noted below rabbits were employed. They 
were fed daily with green food and damp bran at 40 p.m. and 
remained in a healthy condition throughout. Determinations on their 
blood volume were made between 11.0 a.m. and 1.0 p.m. 

In order to determine the total CO or O, capacity of the blood it 
was necessary to cause the animal to absorb into its blood a small and 
known volume of CO. For this purpose the rabbit breathed into 
a confined air-space into which the required quantity of CO could be 


1 This Journal, xxv. p. 831. 1900. ~ 
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passed. As the O, in the air was absorbed by the animal it was 
automatically replaced, and the CO, produced in respiration was 
removed. Provision was made for the alteration of the volume of air 
in the respiration chamber by connecting the latter with a bell-jar 
partially immersed in water, the water in the bell-jar rising and falling 
with the respirations of the animal. In order to ensure that no leakage 
of air outwards from the respiration chamber should take place, the air 
breathed was kept during the experiment at a negative pressure of 
about 2cms.of water, 
The apparatus employed is shown in the accompanying figure. 


It consists of a cylindrical .metal respiration chamber, 4 ins, in 
length and 3 ins, in diameter, which is closed at one end by a thin 
rubber membrane perforated in the centre by a circular aperture 
through which the rabbit’s nose after being coated with vaseline may 
be thrust. In order to render the joint between the rubber membrane 
and the respiration chamber air-tight and at the same time to permit 
of easy renewal of the membrane in the event of damage, the outer 
surface of the end of the respiration chamber is covered by a thick 
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a layer of “plasticene” (modelling wax) and the rubber is firmly tied 
: over this with a piece of twine. The other end of the respiration 
chamber is closed by a cork, the joint between these two being again 

_ rendered air-tight by means of “plasticene.” Through this cork pass 
Pe five tubes. Of these one tube is connected with a small bell-jar 
| ee partially immersed in water. A second tube of about 1 mm. bore is 
: connected with a three-way tap through which communication between 

| the interior of the respiration chamber and either the exterior or a gas 
sampling tube may be established. A third tube connects the 
respiration chamber with the Q, supply. This tube also serves by the 
interposition of a three-way tap for the introduction into the 
‘respiration chamber of CO contained in a burette connected with 
a levelling tube. The gas is driven into the apparatus by raising the 
levelling tube and turning the three-way tap suitably. . The connection 
between the respiration chamber and the O, supply is broken while this 
takes place but is reestablished as soon as the tap is turned to cut off 
the CO. The 0, is contained in a Winchester quart bottle closed by 
a rubber stopper. A continuous current of O, is driven towards the 
respiration chamber by the passage of a stream of water into the O, . 
bottle by means of the arrangement shown in the figure. This O, 
bubbles out through the first test tube or overflow tube, and only 
passes through the second test tube into the respiration chamber when 
on the pressure in this chamber is negative by about 2 cm. of water. This 


= negative pressure is attained in the first instance after the animal has 
: been placed in position by sucking some of the air out of the apparatus: 


after this the pressure is kept negative owing to the consumption of 
the O, in the respiration chamber by the animal: O, is therefore 
supplied automatically and i in sufficient quantity to the animal during 
the experiment. 

The two remaining tubes connected” with the respiration chamber 
lead to a pump for the purpose of removing the CO, produced by the 
animal. The pump is similar to that used on Regnault and Reiset’s 
respiration apparatus’. Each of the two tubes from the respiration 
chamber enters the top of a glass cylinder. These glass cylinders are 
attached to the ends of a horizontal beam and are connected below by 
a rubber tube of large calibre: they are partly filled with 20°/, caustic 
potash solution. An eccentric is placed below one side of the beam and 
is rotated by shafting, the beam being kept down upon the eccentric by 


- _-® An illustration of this is given in Schijfer's Text-Book of Physiology, 1. p. 694. 
32—5 
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a weight at its end. By this means an up and down movement is 
communicated to the potash cylinders. Consequently as one cylinder 
descends the potash rises in it, expelling the contained air into the 
respiration chamber, whilst. at the same time the potash falls in the 
_ other cylinder and withdraws air from the respiration chamber, to 


return it again free from CO, at the next stroke of the pump. The — 


absorbing surface in each cylinder is increased by placing within it 
a number of vertical glass tubes. 


The enclosed volume of air, i.e. the air included in the respiration 
chamber, potash pump, bell-jar, and connecting tubes, into which the 
animal breathes, is kept as small as possible: in the actual apparatus 
used this volume was about 450 cc. The reason for keeping the 
volume of air so small as this is to ensure that the CO given shall be 
rapidly absorbed: this will not be the case if it is diluted with a very 
large volume of air. 


With the arrangement employed it was found that the CO, in an 
air sample withdrawn from the respiration chamber at the end of an 
experiment amounted to from 2°5 to 3°/,, whilst the O, fell to from 


12 to 15%,. This fall in O, percentage was probably due to a very | 


slight leakage inwards of external air into the apparatus through the 
joint between the animal’s nose and the rubber membrane: the leakage 
was however so slight as not to appreciably affect the negative pressure 
within the apparatus, and Consequently there can have been no leakage 
of CO outwards. 


The duration of each of the experiments cated from 15 minutes to 
5 minutes, and in a very few instances to 3 minutes, after the required 
quantity of CO had been passed into the respiration chamber. The 
CO was passed gradually into the chamber during a period of 2 minutes 
in the majority of the experiments: in a few the whole of the required 
quantity was given at once, and in these experiments the animal was 
kept in the apparatus for a longer time after cessation of the entrance 
of CO than when the gas was given gradually. 


At the close of each experiment a sample of air was withdrawn from 
the respiration chamber and was analysed for CO,, O,, and CO. It was 
found impossible to analyse the air for CO directly by combustion, since 
the animal gave off variable quantities of CH, and H, in.its breath. It 
was therefore necessary to employ the method of shaking the air with 
blood solution, estimating the percentage saturation of the hemoglobin 
with CO, and deducing from this value and from the percentage of O, 
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present the percentage of CO. The percentage of OO present in the 
respiration chamber at the end of an experiment varied between 0-01 °/, 
and 0048 */,, and the actual amount between 0°05 cc. and 0°22 cc. In 
three instances in which the animal was only left in the apparatus for 
three minutes after the introduction of the CO these values were 
respectively 0°072 °/, and 0°32 c.c., 0:056°/, and 0°25 c.c., 0°091°/, and 
041 cc. With the exception of the three last instances the time 
allowed seemed to be quite sufficient for the full absorption of the CO, 
only very minute traces of this gas being present at the end in the 
respired air. There must also have been sufficient time for the 
distribution of the gas equally through the blood. Haldane and 
Lorrain Smith (loc. cit.) have shown that in the case of man an 
interval of a very few minutes after the whole of the CO had been 
administered is quite sufficient for this purpose, and as the rapidity of 
circulation is greater in the rabbit than in man the necessary time is 
probably proportionately shortened. 

The analyses for CO, and O, in the respired air and for the CO in 


the gas burette were made with an improved form of gas analysis 


apparatus recently described by Haldane*. 

The method of procedure in an experiment was as follows. At the 
commencement the whole apparatus was tested to ascertain whether it 
was air-tight by inserting a greased rubber stopper into the aperture 
for the animal's nose, sucking some air out of the apparatus, and 


observing whether the height to which the water in the bell-jar rose 


remained constant. If this was found to be the case the percentage O, 
capacity of the rabbit’s blood was determined by means of Haldane’s 
modification of Gower’s hemoglobinometer*.. The necessary blood 
sample was always taken from one of the veins of the ear by pricking _ 
it with a needle, care being taken not to compress the ear with the 
fingers while this was being done. 

_ The potash pump was then started, the rabbit’s nose coated with 
vaseline, which was well rubbed into the hair, and the CO burette 


levelled and read, and the temperature noted. Immediately after this 


the animal's nose was introduced through the rubber membrane into 
the respiration chamber and some air was sucked out of the chamber by 
the tube provided for the purpose in order to attain the required 


. * The Investigation of Mine Air, by Sir" C. Le Neve Foster and J. 8. Haldane, 
London. 1905. 
* This Journal, xxvi. p. 497. 1901, 
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negative pressure, As soon as it was seen that the O, was bubbling 
over properly the required quantity of CO was gradually driven into the 
respiration chamber by raising the levelling tube and turning the three- 
way tap. After a sufficient interval had elapsed—five or six minutes 
after the CO is cut off is ample—an air sample was withdrawn from 
the chamber, and immediately afterwards, or while this was taking 
place, one of the veins of the ear was pricked and a drop of blood 
caught in a test tube containing a small quantity of water. The CO 
burette was then again levelled and read and any alteration in 
temperature noted. The percentage saturation with CO of the blood 


sample drawn off from the ear was determined by titration against a — 


sample of normal blood with a solution of carmine’. The sample of 
normal blood consisted of human blood obtained by pricking the finger 
immediately before the experiment and diluted with water to about a 
0°5°/, solution. It appeared to cause no difference in the determination 
whether human blood or fresh rabbit’s blood was employed as the 
normal standard. From the quantity of CO absorbed by the animal 
and from the percentage saturation of the blood with this gas the total 
O, or CO capacity of the blood was determined. Calculation from this 

value and from that found for the percentage O, capacity gave the total 
volume of blood. 

The rabbit, when once its nose was introduced into the cecialion 
chamber, almost invariably sat quite motionless during the whole course 
of the experiment upon a support raised to an appropriate height. © 

Comparison of results obtained by the CO method with those 
| obtained by Welcker’s method. — 


Tn five cases the total O, capacity was determined first by the CO 
method and finally by means of Welcker’s method. In each of the 
latter cases the animal was anesthetised with ether, one cannula was 
inserted into the central end of one carotid, and another, connected by 
rubber tubing with a reservoir containing 1°/, tap water saline at blood 
heat, into the central end of the opposite external jugular vein, a clip 
being fixed upon each vessel, and the peripheral end of each vessel 
ligatured. The clip was then removed for a time from the central end 
of the carotid and 5 or 6 ¢,c. of blood were caught. as it issued from the 

vessel in a weighed flask containing a small quantity of potassium 
? This Journal, xx. p. 503, 1896. | 
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oxalate to hinder coagulation. This blood was at once weighed and 
diluted down to a known strength with water to form a standard 
solution with which to compare colorimetrically the various extracts 
obtained from the animal, Meanwhile the clips on the central ends of 
the jugular vein and carotid were removed and the saline at low 


pressure (about 12 inches of water) was allowed to enter the jugular 
_ vein, The heart continued to beat for a considerable time, and, as its 


action began to fail, the pressure of the saline was raised to about 32 
inches of water. The blood and saline which issued from the carotid 
were caught in beakers containing a small amount of potassium oxalate : 
as the beakers became full their contents were transferred to a large 
vessel containing iced water, and this mixture constitutes what is below 
termed Extract I.: As soon as the liquid issuing from the carotid 


became practically colourless—2 to 3 litres of saline were required to 


accomplish this—the injection was stopped, and the animal’s skin, 
alimentary tract from cardia to anus, urinary and gall bladders were 
removed. In order to remove the skin an incision was made through it 
along the middle line and it was then freed from the body, hind limbs, 
fore limbs and head by traction: the alimentary tract was removed by 
tearing through the mesentery from the rectum to the cardia as close 
to the viscus as possible, as recommended by Abderhalden’, All 
these organs were found to be practically free from blood to naked eye 
inspection. The whole of the rest of the animal, 7.¢. muscles, bones?, 
and remaining viscera were then minced up and placed in from 1 to 3 
litres of water to extract the hemoglobin remaining in them. The 
first extraction of the minced organs (Extract II) lasted from 1 to 4 
hours, and a second extraction was made with fresh water during the 


- ensuing 1 to 20 hours (Extract III). These extracts were obtained by 


straining the mixture of water and minced tissues through muslin, as 
much liquid as possible being squeezed out from the residue. The 
extract was then filtered once or twice till it became clear: the addition 
of a trace of ammonia to the liquid was found to aid the process con- 


_ siderably. The extract thus obtained from the minced tissues contained 
-@ considerable quantity of other pigment besides hemoglobin. This 


was indicated by the fact that it. was very much yellower in tint than 
the standard blood solution whether the solutions were treated with CO 


1 Zeitschr. f. Biol. xxxrx. p. 197, 1900. 
2 Franz Miller has shown how important it is to take the marrow in the bones into 
account in estimations of the hemoglobin in the body. Archiv f. Anat. u. Phys, p. 459. 
1901. 
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or not. A spectroscope was therefore employed in the titration, and 
the standard blood solution was diluted with water until the carboxy- 
hemoglobin absorption bands shown by it appeared just darker than 
and then just lighter than the similar bands displayed by the extract, 
and a mean of these values was taken. Unless some such means as this 
is employed a very considerable error can arise from the assumption that 


the whole of the pigment present is hemoglobin. Nothing definite as 


to the nature of the other pigments present could be made out from 
spectroscopic examination. In no case did extract I obtained from the 
injection of the blood vessels differ in tint from the standard blood 
solution. In other respects the determination of the amount of blood 
in the extracts was similar to that employed by Welcker, Heiden hain 
and Gscheidlen'. The titration was done in tést tubes of equal 
diameter. The percentage oxygen capacity of the blood withdrawn to 
form the standard was determined. For this purpose the 5 or 6 c.c. of 
blood were diluted with water after being weighed till the solution con- 
tained from 1°5 to 50°/, of blood: the percentage O, capacity of this 
diluted solution was then determined with the aid of Haldane’s 
hzemoglobinometer, and from this value the percentage O, capacity of 
the original sample of blood was deduced. . The dilution of the sample 
was then carried further until the amount of blood in the solution was 
from 0°6 to 1°0°/,, and the solution thus formed constituted the standard 
with which the extracts were compared. The total O, capacity of the 
blood of the animal was determined from the values obtained for the 
percentage O, capacity and for the total volume of blood obtained by 
the above method. The total O, capacity was also determined by the 
CO method on the same day as, and immediately before, the determina- 


TABLE 
Total ool ; Total oxygen G0 metho as 
1 10°08 11°50 
(a) 14°55) ,,. 
2 14-49 1506 - 15 
16°24 
3 1645 16-46 + 0°06 
4 22°31 19°32 +15°4 
5 : 19-84 22°24 ~108 
Mean 16°63 — 8°05 


* A full account of this method is given by Gscheidlen in Physiologische Methodik. 
p- 337. 1876. | 
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1 1672 9°66 13° 715 
24/1/05 1888 1168 815 
Poe 27/1/05 1838 11°55 15°36 1561 
‘ 
23 1950 14°89 15°91 98°6 
24/3/05 14°75 16°65 
23/3/05 2260 455 
1448 14-06 102-7 
1/4/05 1790 16-28 66-2 
8/4/05 1840 10°86 15°35 70°7 
5/4/05 2675 16°24 15°72 
6/4/05 2575 16°66 16°55 100°7 
8/6/05 2300 22°11 15°35 144°1 
7 6/6/05 2320 22°46 15°88 141-2 
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tion by Welcker’s method. In-two of the cases given in the table it 

was also determined by this method on the day previous to (a), as well 

as on the same day as (6), the employment of Welcker’s method. 
Although the values obtained by the two methods show considerable 


' variations in any one instance save in the third, these variations are in 


both directions, and the mean difference shows a fairly close agreement 
between the two sets of results, those obtained by the CO method 
giving only a 3 °/, lower value than those obtained by Welcker’s method. 
Such a difference is within the limits of experimental error and would 
be quite negligible in the majority of cases where large differences 
of blood volume or total “ree capacity have to be determined, as in 
cases of anemia’. 


Constancy of results obtained by the CO method. 


That the CO method will give a constant result if repeated upon 
the same animal is shown by the results recorded in the second table. 
Unfortunately most of the work described in this paper has been done 
upon growing animals whose total O, capacity and total volume of blood 
were consequently increasing. Still if successive determinations were 
made upon the same animal on consecutive days, or with an intervening 


1 or 2 days, very close results, with to the total 


were 


TABLE 2. 


1 J. Lorrain Smith. Trans. Path. Soc. Lond. 11. p. 311, 1900. 
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The table shows that the percentage oxygen capacity may vary 
considerably while the total oxygen capacity remains constant. The 
total volume of blood must therefore vary. The greatest variation in 
the volume of blood occurs in the second case, where the volume at the 
second determination was 8 °/, less than at the first while the total 


oxygen capacity showed only a 0°7 */> difference in the two determina- 


tions. 


Total 0, capacity and total volume of blood in rabbits. 


The sex of the rabbit appears to have very little effect upon the 
values obtained for the total O, capacity and total blood volume. 
What difference was observed is in agreement with the facts found by 
Lorrain Smith (loc. cit.) in the case of man, namely, that the female 
on an average possesses a greater amount of blood and a larger O, 
capacity per 100 gms. body weight than the male, His results show 
that the male has 4°6 c.c. of blood and 0°83 c.c. O, capacity per 100 gms. 
body weight and the female 5’3 c.c. of blood and 0°92 o,c. O, capacity. 

In the rabbit the volume of blood in cc, is in the male 4°85 °/, or 


1/20°6 of the body weight in gms, and in the female 5°32 °/, or 1/18°8. _ 


These figures indicate the relation of the volume of blood to gross body 
weight. If the volume of blood is reduced to mass (taking the specific 
gravity of the blood as 1°05) and the weight of the contents of the 
alimentary canal be taken into account (Gscheidlen estimates this as 1/9 
of the gross body weight) the ratio of mass of blood to net body weight 
(Reingewicht) becomes 1/17°6 or 5:8 °/, of the net body weight in the 
male, and 1/15:4 om6°5 °/, of the net body weight in the female. These 
figures agree well with those found for the same ratio by previous 


observers: thus Heidenhain gives 6°7 to 5°0°/, of the net body weight — 


as the mass of blood in the rabbit, Gschleidlen 5°9 to 45 °/,, Ranke 


48°, Jolyet and Laffont give 5°5 °/, of the gross body weight. 


The percentage O, capacity of the blood and the O, capacity per 100 
gms. body weight are considerably smaller in the rabbit than in man. 
The volume of blood per 100 gms. body weight appears to be about the 
same in the two cases. 


? Data in Hermann’s Handbuch IV., Th. 1. p. 134. 
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TABLE 4. 
Total of 
% volume blood 
of blood per 100 gra. 
Date Weight ited thes. in ¢.c. body wt. 


24/1/05 1888 11-68 14-28 81°5 4°29 

| 27/2/05 2115 14°48 15°54 92-9 4-39 
29/3/05 2480 13°39 14°80 90-4 3°65 

12/5/05 2705 21°51 17°02 126-4 4°68 

2 ¢ (8/2/06 1735 14-22 16°65 85-4 4-92 
24/2/05 1847 (14°95 16-65 88°6 4°80 
24/8/06 2160 14:48 1406 = 102°7 4°75 


8 9/2/05 587 916 957 299 510 


14/2/05 => 4°88 1119 5-68 
21/2/05 898 5-98 12°39 488 5°38 
28/2/05 944: 60-2 6-38 


7/3/05 1108 71-0 6-44 
22/3/05 1448 19°68 15°35 82-8 5°70 
28/8/05 1480 1841 «1480 90-6 
10/5/05 1890 15°86 16-46 98-4 4-94 
6/6/05 2820 22-46 1591 1412 609 


Variation of the total 0, capacity and volume of Mad wit ha 
of the animal. 


There is no very definite change in the O, capacity or volume of 
blood per 100 gms. body weight as the individual increases in size. In 
cases I and III the ratios of blood to body weight, and of O, capacity to 
body weight, increase with the size of the animal, while in case II both 
these ratios fall. The values obtained are very variable. There does 
not seem to be any evidence yielded by the experiments to support the 
statement made by Sherrington and Copeman that young animals 
possess relatively to body weight more blood than adults’. The method 
which they employed, namely, injecting salt solution intravenously and 
estimating the specific gravity of the blood before and after this 
operation, seems open to considerable objection. 


I wish to express here my gratitude to Dr Haldane for his constant 


advice and assistance, and to thank Dr Mann for the help which he 
- gave in some of the experiments. 


1 This Journal, x1v. p. 75. 1893. 
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CONCLUSIONS. 


1, The CO method can be readiiy applied to animals during life in 


order to determine their volume of blood and total O, capacity. 


2. The results obtained by this method and by Welcker’s method 
for the total O, capacity show a fairly close agreement. 


3. The CO method if repeated on the same animal gives an 
extremely constant result provided that the time intervening between 


the two determinations is fairly short. 


4. The volume of blood in c.c. in the buck rabbit was found to be 
on an average 4°85 °/, of the body weight in gms., varying in 7 cases 
between 6°09 and 4°2 °/,; and in the doe 5°32 °/, of the body weight in 
gms. varying in 4 cases between 6°28 and 3°77 °/,. 


5. The O, capacity per 100 gms. body weight was found to. be 0°706 
c.c, in the buck, varying between 0°968 c.c. and 0°577 c.c., and 0°7 39 C.c. 
in the doe, varying between 0°825 c.c. and 0°596 c.c. 


6.. There is no very definite change i in the ratio of O, capacity or 
blood volume to body weight in any given individual correlated with 
increase in its size. 


CAMBRIDGE : PRINTED BY JOHN CLAY, M.A. AT THE UNIVERSITY PRESS. 
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The Contraction of the Tsolated GBsophagus. By. J. 
STRICKLAND-GOODALL. 


Preluminary Communication. 


In the February Proceedings of this Society Waller stated shat the 
cat's cesophagus was a very useful structure for demonstrating certain 
@ points in connection with muscular contraction. In his communication 
# he pointed out that the curve obtained from the upper (pharyngeal) end 
was essentially the single twitch of voluntary striped muscle, while that 
obtained from the lower (cardial or gastric) end was typically double, the 
first curve representing the contraction of striated, the second curve the 
contraction of unstriated muscle. At his (Waller’s) suggestion, I have 
more fully investigated the contraction of this esophageal muscle—in 
this communication I wish to deal chiefly with the nature of the double 
curve (the “ spike and hump” curve) described above. | 
Histologically, the muscular coat of the cat’s esophagus may be said 
to consist roughly of an outer obliquely longitudinal, and an inner 
% circular layer of (muscle) fibres. 
E In the upper 2/5 the outer coat is most marked, while in the see 
7 2/5 the inner circular fibres are best developed. In the intermediate 1/5 


an intermediate condition obtains. 
- As regards the distribution of striated and unstriated fibres we can 
distinguish, 


(1) An upper 2/5—composed of purely striated muscle. 
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(2) An intermediate 2/5—composed of mixed striped and unstriped 
fibres. | 
(3) A lower 1/5 which is composed entirely of unstriped muscle. 

Physiologically the upper 2/5 gives a curve which is precisely similar 
to that obtained from ordinary voluntary muscle, but characterised by 
_ exhibiting a very great range of excitation and a remarkable power of 
summating stimuli. The lower 1/5 gives the long drawn-out curve of 
plain muscle, which is characterised by being very susceptible to changes 
in temperature, and exhibiting a great tendency to pass into a state of 
prolonged and maintained contraction and a general inclination to die 
_ quickly unless specially preserved, while the intermediate zone gives the 

_ typical double curve referred to above. This typical and characteristic 
double curve is not however always obtained and appears to require for 
its production certain definite conditions. 

The two principal points to which I have given attention relate 


to, 
(1) The effect of varying the stimulus. ) 
: (2) The effect of varying the temperature on this intermediate 
zone. 


As regards the influence which the strength of the stimulus has on 
the curve, with weak stimuli, we find the response is a single twitch, 
precisely similar to the upper end curve, but that if the stimulation 
is inereased either (1) by pushing up the secondary coil or (2) by © 
summing the stimuli the second curve is developed, the characteristic 
“ spike and hump” curve being obtained. 

As regards temperature, we find that the “hump” curve is developed 
by heat, abolished by cold, e.g. if, when with a certain strength stimulus 
a single spike curve is being obtained, the muscle is warmed (with saline 
at 33°), the “hump” curve will after a time be obtained with the same 
strength of stimulus—or on the other hand, if the double curve is estab- 
lished the “hump” portion can be removed or abolished by cooling with 
iced saline, a.reduced spike curve alone remaining—(see Fig.). 


armed with saline at 33° Warmed saline at 33°. 
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The Spinthariscope and Retinal Stimulation. By F. Gorcu. 


The spinthariscope can be used as a test stimulus in connexion with 
retinal stimulation since it possesses the three essential features of 


(1) constancy, (2) abrupt and momentary excitation, (3) limitation to a 


threshold value of the stimulus adequate to evoke visual sensation. It 
is very portable, easily applied and gives results which admit of strict 


- Comparison ; it is thus probable that with comparatively slight modifi- 
_ cations it may be of service in the detection of abnormal conditions of — 


retinal excitability, retinal fatigue, and retinal recovery. , 
The flashes produced on the fluorescent screen by the radium emana- 
tions when viewed through an aperture of appropriately small size are 
not visible for many minutes in the light-adapted eye, but in the dark- 
adapted eye they are plainly seen in a much shorter time. If the 
observer passes from daylight into a dark room, he observes first a 
gradual increasing luminous glow which after some minutes resolves 
itself into the distinct flashes. These flashes can be seen when the gaze 
is obliquely directed so that they fall on the peripheral visual field at a 
period distinctly earlier than when the macula is directed so that they 
fall on the central visual field, thus demonstrating the augmented 
excitability of the peripheral portion of the retina (rods with visual 
purple) which in the dark-adapted eye is above that of the fovea. On 
varying darkness with short periods of daylight illumination, the 
immediate fatigue of the central field (macula) is demonstrable, whilst 
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that of the peripheral field is obviously less pronounced unless the 
daylight exposure is prolonged. If the observing eye is kept by a 
bandage &. in the dark-adapted state and the other eye subjected to 
daylight illumination, then on returning to the dark room, the central 
field of the dark-adapted eye is not obviously affected but a consensual 
effect is observed, which shows itself by a diminished excitability of the 
peripheral portion of the field. A large number of conditions can be 
investigated in this simple way. 


The formation of isodynamic glucosides with reference to 
the theory of isomeric change, and the selective action of 
enzymes—preparation of 8-methyl glucoside. By KE. FRanKLAND 
ArMsTRONG and S. L, CouRTAULD. 


In view of the use which is constantly made of the stereoisomeric 
glucosides as test materials in studying the action of enzymes it is of 
importance to be able to prepare them easily. The following method, 
which is based on theoretical considerations of some interest, renders the, 
8-methyl glucoside easily accessible. 

When solid anhydrous glucose (a-glucose) is dissolved in dry methylic 
alcohol containing dry gaseous hydrogen chloride it is rapidly converted — 
into a mixture of nearly equal parts of a- and 8-glucose, which then 
undergo etherification yielding a mixture of the two glucosides in nearly 
equal proportions. If the solution be neutralised before the further 
slow conversion of the §-methyl glucoside into the more stable a- 
isomeride can take place ard the solvent be removed, a mixture of the 
two glucosides is obtained. As the separation of these by fractional 
crystallisation is a slow and incomplete process it is better to destroy the 
a-methyl glucoside by fermenting it with an active yeast (such as Sacch. 
intermedians Hansen), when the pure 8-compound remains. In this 
manner, about 230 grams of 8-methyl glucoside can be obtained from 
500 grams of glucose. 

The a-isomeride is best prepared by Fischer's method, viz. by using : 
less acid and heating until an equilibrated mixture of the glucosides is 
obtained ; this contains 77 °/, of the a-form. After the greater part of 
this has crystallised out, the mother liquors may again be. heated so as 
to convert part of the 8-glucoside into the a-form; a-methyl glucoside 


may be finally purified from traces of the Bintincide by treatment with 
emulsin. 
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‘Effect of increased CO, tension together with increased 
atmospheric pressure. By C. Ham and Leonarp Hitt. 


To contrast the effect of CO, and O, tension at normal and at high 
atmospheric pressure we placed rabbits, cats, and dogs in a chamber 
fitted with a glass window and provided with inlet and exit tubes. 
We closed the taps on these tubes and gave no ventilation allowing the 
symptom of increased pulmonary ventilation to appear. In some cases 
we placed soda-lime within the chamber so as to contrast the effects of 
diminished oxygen tension with those of increased CO, tension. 

When the symptoms had become evident we let air into the chamber 
from a pressure bottle, and raised the atmospheric pressure. 

As no air was allowed to escape the CO, tension remained unaltered 
by this proceeding while the oxygen tension became increased. We 
found that the increased pulmonary ventilation depended on the CO, 
tension, cats being far less sensitive than dogs to CO, Marked 
dyspnoea occurred in the dog at 3°/,, rabbit at 3°/,, while a cat shows 
no distress at 5—6°/, CO, We can confirm for high pressures the 
results obtained at pressures less than 2 atm. by Haldane and 


Priestley (Journal of Physiology, XXxtl. p. 225, 1905). We found 


as previous workers that oxygen tensions less than about 10°/, atm. 
alter the respiration. The respiratory movement is marked by a 
peculiar jerky movement of the head and is quite unlike the deep 
respiration produced by CO,. 


10 a.m. Cat sarewed up. 
10.30. CO,=4 Alae nasi working slightly. 38—40. Animal 


10.45. CO,=5°7%. Alae nasi 
0,=14°),. Breathing deeper. Cat awake and apparently quite comfortable. 
Pressure raised and made=4 atm. 
CO, =1°5 °/, on analysis. 
CO, tension=1°5 x4=6%,. 
No difference in behaviour of cat, which soon fell asleep again. The tension of 
A CO, and the symptoms of increased respiration remained the same. The 
pressure was again made 1 atm. and the escape of the three atm. of air by 
removing # of the CO, relieved the symptoms. 
11.80. CO,=6'1°/,. Animal breathing more deeply, alae nasi working. 
The pressure was made=4 atm. 
CO,=1°6 on analysis. 
CO, tension =1°6 x 4=62°,. 
_ The symptoms of increased pulmonary ventilation remained unchanged. 
The pressure was reduced to 1 atm. and the symptoms were abolished by the 
escape of } of the CO,. 
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12.30. GO,=5°02°/,. Respiration deep, 
O,=15°2%. | 
12.45. Pressure made=4 atm. 
=1°8*/, on analysis. 
OO, tension =1°3 x 4=5°2%,. 
The symptoms remained the same. The pressure was lowered to 1 atm. and 
the symptoms were relieved by the escape of ? of the CO,. 
2p.m, CO,=10%,. Respiration heaving, 40 per min. Cat restless and looking 
anxious. 
Pressure made =4 atm. 
CO,=2°6°%/, on analysis. 
CO, tension =2°6 x 4=10°4%,. 
No improvement in the symptoms. to 1 atm., the symptoms 
became at once relieved by the escape of ? of the CO,. 


Effect of diminished O, tension. 


10 a.m, Cat screwed up in chamber with no ventilation and soda-lime to absorb CO,. 

11.10. ©CO,1:1%,. Cat quite comfortable, 

O, 10°04 %,, | 

11,85. CO, 1°8%,. Jerky movement of head with each respiration. 

0, 7°3°/,. Eyes dull, no plus working of alae nasi. | 

11.45. Pressure put up to +20 lbs, (24 atm.). a 

: 35°/,. The aspect of the cat instantly changed, the eyes became alert, 

and the jerky respiration ceased. 

11.50. Pressure lowered again to 1 atm. 

12.85. CO, 4°6°%,. The jerky respiration is again very evident and the animal appears 

O, 8°5 %/,. inattentive to outside influences. 

This condition of the animal was instantly abolished by raising the pressure 
to 20 lbs, In so doing the oxygen tension was raised to about 36 °/,, while 
the CO, tension remained unchanged; the symptoms were caused by lack 
of oxygen and not by CO,, as is shown by the effect of raising the pressure, 
which increased the oxygen tension but left that of the carbon dioxide 


unchanged. 


Estimation of the gas set free in the body after rapid 
decompression from high atmospheric pressures. By C. Ham 
and LEONARD HILL. | | 


We placed rats in 10—15 or 20 atmospheres of air for a sufficient — 
time to saturate their bodies with air at this pressure, and then 
- decompressed them in about three seconds, The animals, thus killed, 
were sunk in a bath of strong brine and the air in the fur and air 
passages disengaged. They were then cut up under a filter funnel 
which was closed at the top and filled with the brine. By cutting 
and squeezing, all the gas in their bodies was disengaged and collected 
in the funnel. The gas was then measured and analysed. : 
Taking the water in a rat’s body as 66°/,, and the coefficient of 
absorption of nitrogen in water exposed to air at body temperature as 
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1:3°/,, we found the amount of this gas set free in the bodies of the 
rats too much. Dr O, Griinbaum suggested that the rats swallowed 
some air while under pressure. We- therefore ‘tied the gullet before 
putting the animals in the pressure chamber. Our results then corre- 
sponded very fairly with the calculated amounts. Most of the gas was 
free in the peritoneal cavity—the most distensible part of the body. 
The stomach too always ¢ontained large bubbles. 
Rat weighing 51 grms. put in 16 atm. for 2 hours, gullet tied. 

Decompressed in about 3 sec. 


Total gas in body = 9 c.c. 
CO, = 16°/, 
| O, = 
TotalofN = 6°95 cc. 
N calculated to be in animal = 6°86 c.c. 
(calculating the water as 66°/, of body weight). 


Rat 44 grms. at 22 atm. Gullet not tied. 
Total gas = 13°8 cc. 
CO, = 
O, = 87"). 
Total N in body = 11°25 cc. 
N calculated. = 829 cc. 


‘Rat 42 grms, at 22atm. Gullet tied. 


Total gas = 10 c.c. 
CO, #107", 
= 
Total N in body = 8 cc. 
N calculated = 7°9 cc. 


Oxygen inhalation as a means to prevent caisson and divers’ 
sickness. By C. Ham and Leonarp HILL. 


H. von Schritter' has suggested that divers and caisson workers 
should wash out the nitrogen, absorbed during employment in high air 
pressure, by breathing pure oxygen for five minutes before their decom- 
pression. This method is theoretically quite correct and experimentally 
is found by us to be efficient in so far as it prevents death from air 


embolism. 


Rats after 5 minutes’ exposure to 20 atm. O, survive rapid decom- 


‘1 Der Sauerstoff in der Prophylaxie und Therapie der Luftdruckerkrankungen. Berlin, 
1904. | 
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pression and have but few bubbles in their blood. They are however 
intensely convulsed. Rats rapidly decompressed after 5 minutes’ exposure 
to 20 atm. air are instantly killed and show enormous emphysema of 
their bodies. | 

Against Schriétter's suggestion is to be put the now well-known 
dangers of oxygen poisoning (Bert, Lorraine Smith, Hill, and Mac- 
leod). We found a cat exposed to + 100 lbs. O, became convulsed in 
34 min. and its lungs showed signs of congestion and hsemorrhagic 
spots. 

A cat exposed to + 50 lbs. O, becameiconvulsed in six minutes. | 

A cat exposed to + 23 Ibs..0, became convulsed in 80 minutes. A 
rabbit, a rat and two mice exposed to 25 lbs. did not become convulsed 
in 100 minutes, but in 15 minutes became convulsed in 50 lbs, O,. 

We found that the size of the animal made no difference to the time 
of onset of the convulsions. Se | 

Thus out of a young rabbit, a rat, a young and two old mice, exposed 
to 50 lbs., the rabbit weighing 340 grms. and the mice weighing 16 and 
26 grms. respectively became convulsed in about the same time, while 
the rat and the young mouse showed no convulsions till later. The 
convulsed animals all showed intense hyperzemia of the lungs. 

It therefore appears to us unsafe to use Schrétter’s method at 
pressures of 50 lbs. and upwards. Below that pressure the risks of fatal 
air embolism are much less and the method is hardly worth employing. 

Likewise any diving apparatus fitted with an oxygen cylinder, in 
place of air-pump and tube, is obviously too dangerous to use for many 
minutes at pressures above 25 lbs. and should not be used for more than 
30 minutes at that pressure. | 


An Electrical Response to Excitation in Desmodium gyrans. 


By F. Bucuanan. | 
(Preliminary Communication.) 


I found last October that on touching either of the two stipellz at the 
base of a terminal leaflet of Desmodium gyrans a sudden electrical change, 
not accompanied by any movement, took place both in the petiole and 
in the terminal leaflet. This was observed at a distance of 1 cm. or more 
from the pulvinus to which the stipellz are attached, when a spot at 


this distance aud a more remote one were led off to a capillary electro- 


meter. Most of the observations were made on the petiole of a separated 
leaf, the cut end being on the distal electrode. The previous difference 
between the contacts (“resting current”) was not definite: the contact 
with the cut end was more frequently positive than negative to the 
other contact. I have taken photographic records of the response to 
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touch of a stipella with about 30 leaves. These show that the contact 
nearer to the seat of excitation became promptly negative to the more 
remote one whatever its previous relation to it had been, the difference of 
potential between the two contacts attaining a maximum of from 0'01— 
0:03 volt in about 0°01 sec., persisting at, or near, this maximum for a 
period of from 0°1—1 sec., then as rapidly declining. 

Some of the few records I have taken when the two electrodes were 
both on sound surface appear to me to show that the wave of negativity 
‘was propagated as far as the spot to which the second electrode was 
applied, even when this was as much as 3 cm. from the pulvinus; others 
taken with the proximal contact moved to different distances along the 
petiole, that it rapidly diminished in doing so. I have not yet been able 
to measure the rate at which it is propagated. Touching the pulvinus 
produced the same sort of effect as touching a stipella, but the touch 
had to be stronger. The very slightest touch with a camel-hair brush 
to a stipella produced the effect when the leaf was in good condition. 
Most of the leaves tried in October showed it, very few in November, 
and hardly any of those of the young plants which I have tried in June 
of this year, the effect having been small, and not observable more than 
once with each leaf, in those that have shown it at all; whereas last 
October it could be observed several times in succession in the same leaf. 

Wishing to know whether there were in this plant, cells with proto- 
plasmic connections between them capable of conducting a stimulus 
in the direction of the fibro-vascular bundles, such, ¢e.g.,as Haberlandt’ 
describes in Mimosa pudica (under the name of “reizleitende” cells 
although it is not to the continuous protoplasm but to alterations of 
sap-pressure in them that he ascribes the transmission of the touch 
stimulus); and also wishing to know whether the stipella might from 
its anatomical structure in any way be regarded as a sense organ, I asked 
Miss Winifred Smith, who is working in Prof. Oliver's laboratory at 
University College, London, whether she would be kind enough to 
examine the structure of petioles, pulvinus, stipelle and leaflets of 
Desmodium gyrans for me with special reference to these points. She 
has found cells which seem to very closely resemble those described by 
Haberlandt and in the same relative position. She also finds that the 
fibrovascular bundle running up the lower surface of each stipella is 
partially ensheathed in a layer of cells each containing a single large 
crystal, and that there is a considerable aggregation of these cells where 

the bundles of the stipella diverge from the main bundle of the rachis’. 


1 Das reizleitende Gewebesystem der Sinnpflanze. Leipzig. 1890. p. 56. 
* I have since ascertained that similar crystal-containing cells accompany the fibro- ; 
vascular bundles throughout in the petioles and leaves. 
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Although those electrical changes which accompany the movements 
of the little lateral leaflets in Desmodium gyrans' form no part of the 
subject of my present communication, there is another point with regard 

to these movements on which I have made an observation which I 
sidicis to be new and therefore to be worth recording. I find, namely, 
that the characteristic movement of these leaflets can be induced in a 
few minutes in a plant that was inactive by supplying the ‘roots with 
water containing a trace of ammonia (about 0°05°/,). Stahl’ has 
sought to “ explain” the movement of these leaflets by regarding it as 
an adaptive arrangement for increasing transpiration and consequently 
the supply of nutritive salts to the leaves. My observation suggests 
that the supply of nutrient and other solutions is more unery to be the 
cause than the effect of the movement*. 

I should like here to record my grateful thanks to Sir John Burdon- 
Sanderson for the use of the apparatus by means of which the electrical 
phenomena above described were observed and recorded, also to Prof. 
Vin es for growing the plants for me. 


The so-called Antitoxic action of Divalent Kations. By 
W. A. Osborne. 


Fertilised ova of fundulus develop in distilled water, but not in a 


pure sodium chloride solution. If to the latter a definite amount of a 
soluble calcium salt: be added development proceeds normally. Similarly 
the fundulus itself can live in distilled water or sodium-calcium mixture, 
but dies in pure sodium chloride solution. 

From these and analogous data Loeb‘ has drawn the inference 


that sodium ions possess “toxic” properties whilst calcium (or strontium) — 


ions counteract this “ toxicity.” 


The facts appear to me to be capable of saa and much simpler . 


explanation. 


Let us suppose that a calcium salt of high molecular weight 
— colloidal) forms an essential constituent of protoplasm, 


i 1 These are partly described by Bose, J. Linn, Soc. Botany, No. 246, 1908. 
Botanische Zeitung. 1897, p. 97. 

* Sufficiently dilute solutions of several single salts (e.g. KNO,, NH,NO,, Ca (NO,),, and 
Mg 8O,), and of acids, are known to increase transpiration in maize and certain other 
plants. Dilute alkalies are said to diminish it, but the only experiments which have been 
made with ammonia, so far as I can find out, were ‘made with a solution » good deal 
stronger than that which I have employed (0-2°/,). See Biirgerstein, S.B. Ak. Wiss. 
Wien, Lxxut. p. 191, 1876, and Die Transpiration der Pflanzen, Jena, 1904. | 
‘ See in particular Loeb, Arch. f. d. ges. Phys. 107, 252, 1905. 
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that it undergoes dissociation to a slight degree and that its amount 


-bears to the quantities of complex sodium and potassium compounds in 


the protoplasm a fairly constaat ratio. Let us suppose further that this 
protoplasm is enclosed in a cell wall which is permeable to water, 
dissolved crystalloids and simple ions, but impermeable to ions and 


molecules of complex constitution and high ‘molecular weight—in other 


words, a cell wall of the nature of an “ animal membrane.” 

If such a cell be immersed in excess of pure sodium chloride 
solution the whole of the calcium will be replaced eventually by 
sodiim. Now the substitution of sodium for calcium in a complex 
salt may be accompanied by profound changes in the physical and 
chemical activities of the salt and therefore of the protoplasm. Compare 
for instance sodium and calcium caseinogenate as regards their physical — 
behaviour and their reaction to rennin. 

_ But it will be. seen at once that.a certain concentration of calcium 
can be found for each concentration of sodium in the dialysing fluid 
which will not affect the relative concentrations of calcium and sodium 
in the cell. This fits in perfectly with Loeb’s experiments, from which © 
we also learn that calcium can be replaced by certain other divalent 
metals which, we may take it, form compounds which are soluble and 
dissociable and which display the same general properties 
as the calcium compound. 

If the cell, however, is immersed in distilled water, then owing to 
the fact that the cumbrous salt and its anion are unable to escape and 
further since the hydrolytic dissociation is very small, the loss of calcium 
in the time assigned to an experiment will be negligible. The same 
holds good for other metals present in the form of complex salts, pro- 
vided that they undergo hydrolytic dissociation only to a small degree. 

_ A very simple experiment bearing on this.theory is as follows : 

If we take four parchment paper tubes each ~~ 100 ccs. 
shane cow’s. milk and dip 

A into distilled water (constantly saint 

_ B into 2} litres of-a 1°/, NaCl solution, 

0 into 24 litres of a solution containing NaCl 1 oh, CaCl, oud: 

D into 2} litres of a solution containing NaCl 1°/,, SrCl, 0028 °/,,: 
and let stand at room temperature for 24 hours it will be found, if we 
add equal amounts of rennin to equal portions of milk from each tube 
and place in a water-bath at 35°, that 

coagulates rapidly, 

B either coagulates feebly at the end of some heats or not at all, 

C coagulates a few minutes after A, 

D coagulates a few minutes after A. 
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When we consider that the calcium compound is practically the only 
salt of caseinogen in milk it will be obvious that prolonged dialysis 
against © (or D) will deprive it of its power of clotting. Yet the 
marked difference that exists between B and C (or D) after 24 hours’ 
dialysis is certainly very striking, and is not to be attributed to any 
“toxic” action of sodium and “antitoxic” action of calcium or strontium. 
It may also be remarked that milk may be dialysed against distilled 
water for many days without losing its clotting power’. The presence 
of calcium in the dialysing fluid can be readily demonstrated with B 
after 24 hours’ dialysis but I have been unable to detect any appreciable 
precipitate with oxalates in the later changes of A. : 

The toxie properties of mercury, zinc and copper salts etc., may be 
‘partly explained by assuming that the intracellular compounds of these 
metals have a very low solubility or are indeed in any way markedly 
divergent from the compounds with physiological metals. | 

In the light of this theory an isophysiological solution may be 
defined as one which, besides being isoosmotic with the cell contents, 
has also, after it has passed the cell wall, its ions in such concentrations 
that the distribution of physiological salts and their ions in the 
intracellular substance undergoes no changes, 


temperature, respiration, and circulation in man. By A. E. 
Borcorr and J. S. HALDANE. 


We have made a series of experimenta on this subject, partly in 
Dolcoath Mine, partly in the large incubating room at the Lister 
Institute, and partly in a Turkish bath. The subjects of the experiments — 
were stripped to the waist. The main results hitherto obtained are as 
- follows:—(1) In still air the body temperature was found to rise above 
normal when the wet bulb thermometer rose above 31° C. (88 F), and it 
remained normal whatever the external temperature might be, provided 
the wet bulb thermometer did not rise beyond 31°.. The more the wet 
bulb thermometer rose above 31° the more rapidly did the body 
temperature rise. In moving air the wet bulb thermometer could be 
allowed to rise to about 35° or a little higher without the body 
temperature rising above normal. (2) With rise of body temperature a — 
marked fall in the alveolar CO, pressure was observed. (3) With rise of 
body temperature there was a very marked increase in the pulse-rate, 
along with a slight or tolerably marked rise.in the blood-pressure. 


1 As the sugar dialyses out rapidly lactic fermentation does not take place. 
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CHALMERS Watson, M.D., and ANnprew Hunter, M.B., BSc. 


In preliminary communications one of us (C. W.) has described the 
histological changes in the thyroid gland of (a) fowls, and (b) rats, fed 
on an exclusive raw meat diet. The present research is a continuation — 
of these investigations. It consisted in feeding a large number of rats 
(160 of the first and 200 of the second generation) on certain diets, the 
composition of which was determined by analysis. The diets comprised 
breal and skim milk, porridge made with skim milk, rice, raw horse 
flesh and uncooked ox meat. Four sets of observations were made 
as follows: 

(a) On very young animals, a few weeks old, the controls (bread 
and milk) being taken from the same litter (10 litters). 
(6) On young animals from 2 to 3 months old (56). 
(c) On full grown rats (40). 
~ (d) On female rats about 6 months old from which the ovaries 
had been removed some weeks previously (15). 
The present demonstration deals with the influence of the different 


diets on the growth and general nutrition of the animals, The 


following points will be demonstrated : 

1. The injurious effects of a meat diet, as evident from the 
mortality in early life of the second generation of meat fed subjects. 

2. In the case of animals deprived of their ovaries the minimum 
amount of proteid requirement is less than in normal females. 

8. The permanent stunting of growth associated with the use of a 
faulty diet in the growing period. 

_ 4 The unfavourable results of the porridge diet in young subjects. 
Attention ia drawn to the similarity in the chemical composition of the 
porridge and bread and milk diets. | 
b 
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- A combined key and commutator for physiological and — 
psychophysical purposes. By Hersert E. Roar and W. G. 


The instrament which we are describing is a simple form of key 
designed for use in physiological class work at the University of 
Liverpool. It is strong and easy to manipulate, All the contacts are 
made of brass, and thus there is no spilling of mercury, such as some- 
times occurs with a Pohl Commutator. As all the paths for the current 

are plainly visible the student can follow the course of his connections 
easier than in some other forms of instrument, 
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It can be used—(1) as a simple make and break key, (2) as a current 
reverser, or commutator, (3) to send a current from a single source 
through either of two different peripheral distributions, (4) as a short- 
circuiting key, (5) to cut out either make or break shock. 

The instrument consists of two parallel strips of brass joined 
by a cross-bar of vulcanite. One end of each of these strips rotates on 
a binding screw (A and F’), whilst the other end makes contact with one 
of three plates of brass, each of which hears a binding screw (B, D 
and #), The central plate is short, but the other two are prolonged 
forwards. The one at D has a strip of brass, C, pivoted on to it, which 
can make contact with B. On the plate of brass at B are super- 
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imposed two.strips of brass; the lower is short, while the upper piece 
projects forward. The strip 0 makes contact by fitting in between the 
upper projecting strip and the brass plate below. Two pegs (shown near 
A and F in the figure) limit the excursions of the two parallel brass 
strips. 

(1) To use this instrument for the purpose of a sim mple make and 
break key, connect: the wires to the binding screws B and D; then, by 
rotating @ inwards or outwards, the current can be either made or 


_ broken, The position of the other contacts is immaterial when the 


key is used for this purpose. _ 

(2) In order to reverse the current the strip O should be sonid 
The current should be connected at binding screws A and F, and leave 
by the binding screws B and £ to go to the preparation. When the 
strips are in the position shown by the continuous lines, the current runs 
from A to B, thence to the preparation, and back to Z, finally escaping 
by #. If the strips be now switched over into the position shown by 
the dotted lines the direction of the current is reversed, and runs from 
A to #, thence to the preparation, back to B, through C to D, and thence 
to F where it emerges. 

(3) To supply two different parts of a preparation alternately — 
from the same source, as ¢g., in determining the velocity of nerve 
impulse, the strip C should be moved outwards as in the figure while the 
source of current is connected as before with A and F. The one pair of 
electrodes should be connected with D and £, and the other pair with 
E and B. Then with the key in the position shown by the continuous 
lines the current would flow from A and F to the pair of electrodes 
connected with Band HZ. By shifting the parallel strips to the position 
shown by the dotted lines the current would then go to the other pair 
of electrodes connected with D and £. 

(4) Touse it asa short circuiting key the lever Cis left open. The 
terminals from the source of current (e.g., secondary induction coil) are 
connected with the binding screws A and £ whilst the electrodes are 


connected with B and F. With the key in the position shown by the 


dotted lines the current is short circuited from A to Z, but on switching 
the strips to the position shown by the continuous lines the electrodes 
receive the secondary current by the pathways A to B and E to F. 

(5) In order to cut out the make or break shock connect the wires 
of the primary circuit of the induction apparatus with B and D, so that 
this circuit can be made or broken by movement of the strip ( as in 
section. (1)... Next connect the secondary coil with A and # and attach 
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to these screws also the wires which go to the electrodes. When the 
_ parallel strips are in the position shown by the dotted lines the 
secondary induction current is short circuited from A to £, while if the 
strips are switched into the other position the preparation is subject to 
_ the action of the make or break shock. : ee: 
_The instrument can be supplied by Mr Nisbett, mechanician to the 
Thompson Yates Laboratories, at the price of 3s. 6d. each. : 
_ Anew adjustable operation table (aseptic) for experimental 
work on animals. By J. W. H. Eyrr. ) 
_ The table now shown was designed to meet a want, experienced no 
doubt by physiologists even more than by bacteriologists, for an 


aseptic—or sterilisable—table capable of accommodating medium sized — 


animals such as rabbits, cats and dogs, during the course of experiments 


—— 
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be adjustable in various directions, and above all, not expensive. All | 


these requirements are, I believe, fulfilled in the present model. _ 
Premising that the entire framework of the operation table is 
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constructed of seamless steel bicycle tubing, enamelled or plated, 
and various cycle accessories such as lugs, brackets and clips, the 
sketches are self-explanatory—although it may be noted that the 

expanded feet are now shod with rubber discs instead of the castors — 


shown in the plans. 


The table-top frame is slung between two vertical uprights (A , 
which slide in tubes (B) to form telescopic joints for the adjustment of 
the height of the table. 

Knuckle joints (C) permit the inclination of the table-top, in 
its long axis, from the horizontal to about 45°, as indicated by the 
dotted lines in “Side elevation,’ the necessary lengthening of the 
table-top being obtained by means of the telescopic joints (D).. These 
same telescopic joints (D) allow of the complete rotation of the table- 


~ top about its long axis, as indicated by the dotted lines in “End 


elevation.” 
All joints are secured in the required positions by m means of clips 
controlled by lever handled screws. 

_ The bed-of the table is composed of a sheet of copper wire gauze 
loosely suspended from the long sides of the tubular framework of the 
table-top by means of ring hinges along one side and reversible hooks 
along the opposite side. The slackness of the gauze bed permits a hot- 
water bottle (of the india-rubber type) to be placed under the animal, 
whilst the device adopted for suspending the gauze enables the operator 
after completely reversing the animal, to reverse the gauze also, so that 
it again supports the animal, without unfastening or otherwise disturbing 


the latter. 


(The cost of this table was defrayed out of a grant from the 
Scientific Grants Committee of the British Medical Association.) 


Note on the trophic centre of the afferent fibres accom- 
panying the sympathetic nerves. By J. N. LANGLEY. 


I have on several occasions supported the view that the afferent 
fibres of the sympathetic system have their trophic centre in the 
posterior root ganglia. In a Paper published in Brain (xxvi. p. 22, 
1903) I stated that after section of the sympathetic or of the splanchnics | 
or of the Anferior splanchnics, no degenerated fibres are present in the 
white rami. The observations on which this statement was based have 
been published except as regards the splanchnic nerves. At that time 
I had made two observations on the splanchnics and I have recently 


- made one more. The three experiments were made upon cats; the 
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nerves were cut on the left. side during ether anesthesia. The time 

allowed for degeneration was 7, 8, and 10 days respectively. In Exps. 1 

and 2 all the splanchnic: strands were cut; in Exp. 3 the major and 

minor strands. The central ends were treated with osmic acid. The 

parts teased out were, the central ends about a centimetre from the 
_ cut, the white rami of the 12th thoracic to 2nd lumbar nerves inclusive, 

portions of the sympathetic chain in this region, and the sympathetic 
trunk above the 12th thoracic white ramus. 

In all three cases a few small degenerated fibres were found in the 
central end of the main splanchnic, the numbers were Exp. 1, 10; 
Exp. 2,16; Exp. 3,12. In the minor splanchnic there were Exp. 1,2; 
Exp. 2,3; Exp. 3,0. In the smallest splanchnic (iape. 1 _ 2) there 
were 1 wal 0. 

A few degenerated fibres, varying from 2 to 7, were found in the 
sympathetic chain a little above the point of separation of the main 
splanchnic from the sympathetic trunk. Most of these ran with non- 
medullated fibres; they were all small (2 to 4 in diameter). | 

No degenerated fibres were found in any of the white rami, or in the 
sympathetic chain above the 12th thoracic white ramus. The grey rami ; 
accompanying the white, were teased out in Exp. 1, no degenerated = | 
fibres were present. These facts taken in conjunction with others, 
show, I think that none of the afferent fibres of the splanchnic nerves — f 
have their trophic centre in the ganglia of the solar plexus. The few | 
degenerated fibres found in the central ends of the nerves, I take to be el 
post-ganglionic fibres running to the aorta and adjoining’ tissues. f 
Similar fibres were found by Anderson and myself in one case in the : 
inferior splanchnics (the nerves sates to the inferior mesenteric 
ganglia). 

The section caused degeneration of nearly all the large and of some E 
of the small medullated fibres in the coeliac and mesenteric nerves of 
the same side and of a few fibres 
of the opposite side. 


the within the-Siver oclle, of injecting 
of the blood vessels. HERRING and 
SUTHERLAND SIMPSON. 


In 1902 Schafer called attention to the presence of injection ) 4 
mass within the hepatic cells i in: specimens obtained from two et - 
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cat and rabbit—-which had been injected some years ago by one of us 
(S. 8.) through the portal vein with acid carmine gelatine. He came 
to the conclusion from the examination of these specimens that the 
injection had found its way directly from the blood vessels into fine 
varicose canaliculi within the liver cells; and that these canaliculi 
were natural intracellular channels in communication with the blood 
vessels. 

- Holmgren’ im a criticism of these preparations, one of which he » 
had had an opportunity of examining, gave it as his opinion that the 
appearances (which “were ideal”) had been produced as — 


presumably by too high a pressure. 


In July of this year (1905) Dr H. K. Anderson sent to Prof. 
Schafer a specimen of the injected liver of a rat which showed 
appearances corresponding exactly with those shown in the ages 
preparations described by the latter in 1902. 

Thinking it possible that the physiological condition of the cells 
might in some way affect the facility with which the injection flows 
into them, we started to investigate this pomt by the administration 
of drags (eg. cholagogues) to the animals some hours before the 
injection was made. As, however, no record had been kept of the 
conditions under which the organs of the cat and rabbit had been 


injected from which the preparations described by Schafer were taken, 


either with regard to the apparatus used or pressure employed, we 
began by making some preliminary experiments to determine the effect 
of injecting under different pressures. The result of these ae 
experiments is sufficiently conclusive to be recorded. 

Our apparatus consisted of a pneumatic pressure bottle swith 
mercurial manometer attached; the injection fluid used was acid 


carmine gelatine (Carter's We allowed the fluid to pass 


at once into the blood vessels and did not wash out previously with 
warm normal: saline as is usually done. The anjmals after injection — 
were immersed bodily with the peritoneal cavity opened in a'10°/, 
solution of formalin, ice cold, and the liver was afterwards removed, cut 
into fragments and fixed in the same fluid) The results we have 
obtained may be briefly stated as follows. The animals investigated 


~ have been rats, rabbits, guinea-pigs, cats, dogs, ferrets, hedgehogs and 


frogs, in most cases several specimens of each species (¢.g. ten rats), 


and in every case we have obtained a positive result. We generally — | 


injected from the descending thoracic aorta, using a maximal pressure: 


1 Holmgren. Anat. Anz. he p. 19. 
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varying: in different ex 80 mm. to 120mm, of mercury, 

except in the frog, to exceed 20mm. In some 
experiments when the fluid Segaaetoetiow: freely from: the right auricle 
“2%... we ligatured the inferior’ venaitaya between the heart and the 

— ind kept up the preasute for five minutes longet before tying the aorta 

others we allowed the’ iajection’ to flow’ fromthe auricle all 
(10 to 12 minutes), theiligatured the sorta: before the inferior 

venaicava, thus injecting with zero pressure'in theihiepatic veins. The 

were the same under both conditions; yet other experiments 

we injected directly fromthe portal ‘veiny uding-a pressure of only 

20 mm. of mercury: two cases we tied the portal*vein and injected 


from the aorta: with 100‘mm., pressure, dntending. the injection to reach 
the liver through the hepatic:artery only,‘but we inadvertently omitted % 
to ligature the. vena cava below the liver, and ‘the injection mass found — = 
its way into the central part of the lobules through the ‘intralobular : 
veins; the inttacellular channels of the parts so injected were — @ e 


abundantly filled. Here the injection had flowed into the liver through 
the hepatic veins at a very low pressure, since geet was: throughout 

a ‘free escape for it from the right auricle.” 

short, wherever the injection mass «has into the 
capillaries of the liver, no matter:whether the pressure used was 
moderately high or very low, whether: it-flowed forwards through the 
portal vein or backwards. through the hepatic: veins, we have found 
also within. the: liver cells.’ Dhis:is conclusive proof that the appears 
ances are not artefacts produced by. using too high artificial pressures, 

_ but that they represent.nataral channels: within the liver cells We | 

began our experiments:‘with the idea that this: hepatic intracellular 

injection was difficult to obtain’ and was probably the resultof:a special | 

“physiological condition of thé cells, but we have endedwith the 

Gonvietion that with carefully prepared injection. niass it is a constant 

feature of liver structure and cannot’in fact be aveided+ but in order 

to @btain:a positive result it:seems important:to avoid: washing out the 
4 blood vessels with salt solution prior to the introduction-of thé injection 
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PHYSIOLOGI CAL SOCIETY, 
December 16, 1905. 


The composition of certain normal ferments considered in 

relation to the constitution of Lysins. By E. W. Aintey WALKER. 
(Preliminary Communication.) 

The object of the experiments here summarised was to determine 
how far, if at all, the action of familiar ferments could be correlated with 
the action ,of the bodies which are believed to be concerned in the 
process of bacteriolysis or hemolysis, 

It is now generally admitted that calslatiaia in vitro is brought 


about by the action on the bacterium concerned of a so-called Complement 
which ig linked on to the bacterial substance by an I: mmune-body 


(Zwischenkérper, Amboceptor). The Complement can only act in the 


presence of, and through the intermediation of this specific, thermo- 
stable, “ go-between ” (as Ritchie terms it), whose production in im- 
munisation is accounted for by the “side-chain” hypothesis of Ehrlich. 
It is regarded as consisting of side-chains or “ cell-receptors” split off 


under ri stimulus from certain cells, and set free into-the blood. 
‘The Complement, on the other hand, is thermolabile, being destroyed at 
‘@ temperature of 50° to 55° C., it is not specific in any absolute. sense, 


but it is the active agent in the lytic process. As found in shed blood 
it appears to be derived from leucocytes; and it is here suggested that 
it belongs to the class of bodies more recently investigated by physio-- 
logists under the name Kinase. 

Experiments have been done with physiological “ Ferments” (using 


for the most part commercial preparations), seeking possible ai of 


@ similar constitution i in these substances to that of lysins. 
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_ A, Kaperiments with Ptyalin. | 

Activity tested on Starch paste in Mett’s tubes. Bacterial inter- 
ference prevented by thymol. 

(a) Active 1 °/, solutions of Peyalin (Merck) are rendered 
by heating at 50°—53°C, 

(6b) Blood (defibrinated) an ferment (Bial, 
Réhmann, Hamburger), and slowly digests starch paste in Mett's 
tubes. 

(c) Due allowance being made for (b) by control tubes; it is found 
that blood re-activates inactivated ptyalin. 

(d) Blood which has been heated at. 50°C. does not pscaitivade 
inactive ptyalin; nor has it any digestive action on starch. 

(e) Boiled ptyalin is not re-activated by blood. 

—_— a series of Mett's tubes gave :— 

no digestion. 
(6) 10 mm. digestion. 
20 mm. Tye i.e. four times as much active ferment 
-@ no digestion. 
(e) no digestion. 

(Confirmed by determinations of sugar 3 in starch solutions 
‘made up on similar lines and incubated at 38° C.] 
_ Precisely similar results are obtained with human saliva. ae, 

(Sf) In a single series of observations re-activation was found on 
Bre: fresh extract of liver, of kidney, and of muscle to inactive ptyalin, 
‘and comparing with the action of these extracts by themselves. ‘ 
- The results obtained appear to suggest that Ptyalin may be con- 
sidered to contain two substances (or properties), the one thermostable 
‘(in Ehrlich’s sense), and specific, but without independent activity ; 
the other a kinase or complement, found also in blood and tissue- 
‘extracts, not ‘specific, and not thermostable, whose province is to 
activate or to act through the specific substance, and thus bring about 

the hydrolysis of starch. 

~~ ‘These “bodies” might be ‘aula of respectively as Ptyalogen and 
Ptyalokinase. 


A few experiments with active Ptyalin and inactivated (heated) 
blood have suggested that the latter may contain an eo quantity 
of — (cp. Antirennin of Morgenroth). 
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Experiments with Rennin. 

- Activity tested on milk in a bath at 40°C. : 

(a) Commercial Rennet preparations can be rendered inactive iy | 
heating at 55° C. 

[Different specimens vary widely in the time seqalied for heat to 
‘render them inactive, some were inactivated in 2 to 3 hours, one 
specimen obtained from Baird and Tatlock required 9 hours to 
completely inactivate it. The meaning of this ae resistance uae not 
yet been investigated.] 

(6) The fresh tissue-extracts used did not themselves coagulate milk 
within the periods of observation (6 to 12 hours). | 

(c). Fresh tissue-extract (liver) re-activates inactivated 

(d) Tissue-extract heated at 50°C. does not re-activate inactive 
(e) Blood has hitherto only slightly re-activated inactive Rennin. 
As observed by Morgenroth it contains a substance Anti-rennin. This 
‘appears to be present in considerable amount, and — the 
attempt to re-activate with blood or serum. © : 

(7) Boiled Rennin is not re-activated by siesiie-ecitnnt 

Example: test tubes —* 10 c.c. of milk apiece, inactivate 
Rennin etc. at 40° C. 

(a) no clotting within 6 Seni 

(c) clotted in 59 minutes. 

(d) no clotting. 

(e) no clotting. 

(f) (active (unheated) Sesain similarly diluted, clotted the milk 
in 35 minutes.) 

The conclusion runs parallel with that arrived at in the case of 
Ptyalin. . One may provisionally speak of Rennogen and Rennokinase as 
the component parts of Rennet ferment. 

presence of Anti-rennogen i in blood is 

Neither in this case nor in that of Ptyalin has the velebion of whine 
or other salts to the ferment action been specially considered at present. 
But the fact that heated blood and tissue-extracts fail to re-activate 
seems to eliminate a possible objection that the activating fluids provide 
additional calcium rather than kinase. — 

‘Eaperiments on Oxalate blood. 

Oxalate blood heated for 2 hours at 50° 0. dont congas 

on the addition of calcium chloride solution. 


c2 
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[It has been suggested that this observation was made by the late 
Dr Wooldridge, but I cannot find it in any of his ere that I‘have 
-been ‘able to see. ] 
(b) Oxalate blood heated only 1 hour at 50° may coagulate with 
calcium chloride, but - at all) very much more slowly than unheated 
oxalate blood. 

(c) Fresh with calcium chloride causes of 
oxalate blood which has been heated 2 hours at 50° C.; causes or hastens 
the coagulation of oxalate blood heated 1 hour, and greatly accelerates 
the coagulation of unheated oxalate blood. — . 

(d) Tissue-extract alone does not ee oxalate blood within 


blood heated 2 + calcium no coagu- 
lation’ in 4 hours. 

(6) 1. Oxalate blood heated 2 hours + aidew chloride + danse 
extract: coagulated in 9 minutes. 

2. Oxalate blood not heated + calcium chloride: congulated 

in 10 minutes. 
8. Oxalate blood not heated + calcium chloride + tissue 
extract: coagulated in 5 minutes. 

(d) Oxalate blood not heated + tissue extract: no in 
4 hours; calcium chloride now added ; coagulated i in 11 minutes. | 

The conclusion drawn is that is probably in 
speaking of Thrombogen and Thrombokinase as tlie factors which with 
calcium salts bring about the coagulation of blood, 3 

' Other “ferments” are at present under investigation. _ 

Conclusion. The view provisionally put forward is that the ferments 
examined are “double bodies,” consisting of a specific amboceptor or go- 
between, and a non-specific active kinase or complement which can be 
obtained from many different sources. And it is suggested that the 
bacteriolysis of micro-organisms and similar phenomena are special cases — 


of a general phystologion! reaction typified in the action of nats Eee 
ferments. 


ventricle and sinus of the frog’ 
heart. By Fiorence M. Durnam. 


In a previous communication to the Society? a deweiniien. ofa ale 
of, recording the ventricular and auricular beats of the frog’s heart was 


1 Journ. of Phys. xxx. 1908-4; Proc. Phys. Soc. pp. xxvii. and xxxi. 
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given. By the addition of a third lever to the apparatus there described, 


& record of the sinus beats can also be obtained. ; A slight’ modification 
of the arrangetnent, however, was found to be’ necessary. The adjust- 
ment needed for taking the three records simultaneously and accurately 
superposed is delicate: In’ place ‘of the modified “Brodie neéedle+ 
support?,” each needle was supported between hollow cone sagan the 
of the been suitably ground off, 


The ail plan of mounting each needle-support on a ball ‘and | 


socket bearing yielded an easy means of obtaining the requisite fine 
adjustment, The ball and socket bearing consisted of a % in. brass ball 
soldered to the end of the needle holder, this ball being held in a hole 


bored in an ordinary cork. The cork is held by ‘being pushed into — 
a small piece of brass tube, which is held by the main support. A slice 


was cut off each cork to allow of the introduction of a small piece 
of sheet brass, which can be pressed down on the cork by means of a set 
screw. A little graphite on the ball and a proper compression of 


the cork by the set screw gives a very “sweet” movement, sufficient 


fixity and very fine power of adjustment in any plane. The free end of 
the wire which forms the needle support is bent at right angles so as to 
give more leverage especially when the rotation adjustment is being 
effected ; in reality the bend is at right angles to that represented in 
the figure (the set screw is similarly misrepresented). In the complete 


-apparatus-three such mountings are soldered together. 


» Itis obvious that besides the power of adjustment in the vertical 
and horizontal planes, it is possible, by rotation of the mounting on its 
axis, to advance or withdraw the position of the writing style. 


9 Journ, of Phys. xxvit, 1902; Proc. Phys. Soc. p. xxxi, 
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'~ Consequently the styles may be placed accurately in the same vertical 


tine. A further use of this rotation is found in twisting the mount until 
the lever is supported by its weight pressing upon the wire of the 
mounting. This temporary fixation is employed during aut process of 
hooking on the thread and of adjusting its length. 

- The lever consists, as described in the former sonianniaekion; of 
& grass straw, in the ease of the sinus it is highly important that due 
care should be taken in the selection of the straw. Owing to the small 
power and movement of the sinus it is necessary to select a very light 
straw so that there may be sufficient disparity in the lengths of the arms 
of the lever when mounted. In the illustrative tracings the levers 
employed were 24 cm. long, and divided by the fulerum in the ratio 


7 to 1. Each straw is merely transfixed by the needle, which is then 


- mounted between the cone centres. The adjustment of the lengths of 
the auricular and ventricular levers is subservient to that of the sinus 
lever. Each lever is transfixed at its extremity with a no, 20 entomo- 
logical pin for a writing style. 


Fig. 2.” 


When only ventricle and auricle are to be recorded it suffices to fx 
the heart by the frenum, as was described before. This method, 
however, is not possible when the sinus also is to trace; in this case the 
conus arteriosus must be held by the ‘fixation forceps (Spenoek Wells’). 
When the adjustment is suitably made the ba nota levers will move 
independently of one another.’ 


In practice, the lowest lever. is attached to the _— the highest t: to 
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the ventricle. Two tracings are givén to show the beats of the three 
portions of the heart with this apparatus. In fig. ‘2 alcohol was dropped 
on to the sinus, the diminution of the sinus and auricular beats is seeh, 
moreover the tracing shows that the excursion of the sinus lever is not 
due to pull from the ventricle. In fig. 3 is seen the récovéry from 


Fig. 


alcohol applied to the sinus ; here the auricle has recovered its strength 
of beat before sinus or ventricle, moreover it is seen that the movement 


of the sinus lever is not caused by pull from the auricle. The — 


independence and sequence of the movements is best seen whilst the 
apparatus is at work. 

The apparatus _—, above was devised by my brother, H. E. 
Durham. 


The action of anesthetics on the injury ourrent of nerve. 
By N. H. Avcock. 


Chloroform and ether, when applied to the whole length of an 
isolated nerve, diminish or abolish the injury current. If the anzsthetic 
be limited in its application to one part of the nerve, that part exhibits 
a similar electrical change to that which it would do if injured, both as 
to direction of current and magnitude of response. ; 
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and ether is unchanged, when this is measured by the method of 
Kohktlrausch, it exhibits an apparent diminution (as Waller has shown) 
when measured by Wheatstone’s bridge and a constant current. This 
difference is due to polarisation, which appears in the latter method, ied 
this is diminished by the action of the anwsthetic. | 

The electrical resistance is therefore unaltered, within the limits of 
error of the method, by CHCl, and ether. 

If it is assumed that when the resistance is unaltered no additional 
ions are formed, it would follow that the electromotive effects of 
_ anesthetics are due to the formation of an injury at the place of 
_ application, and that this injury current is caused by the re-arrangement 
of ions already present, and not by a new ion formation. 


An apparatus for recording respirations by means of an 
electro-magnet, By B. J. CoLtinawoop. 


(Demonstration. ) 


The apparatus is attached to the exit tube of a Chauveau valve. It 
consists of a valve (A) which when closed rests against a button (B) ~ 


Wig. 


thus completes a circuit. The button is insulated hes the tube, whilst 
the valve is:ip: electrica} — with the tube, One wire is lead off 
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from:the button through a slit in the tube, whilst the second wire 
is attached to the tube itself. An electro-magnet.is placed in the circuit 
_ Operating.a lever which records on the drum. Thus during expiration 
the cireuit is broken and the lever rises. Below is given : a tracing — 
a cat gence this method, | 


Fig. 2. 


of binocular magnifying spectactes by EE 
Huxpunson. 


The use. of a convex lens before each eye in conjunction with 
a suitable prism has long been familiar. I have however not been able 
to find any account of an accurate method of estimating the proper 
‘strength of the combination. As some members of the Society might 
find them of use in fine dissecting, as I myself have done, I venture to 

bring before you a simple and accurate method of combining the two. 

‘ It is of course to be assumed that they cannot be of use to persons who 

- are not fairly isometropic and whose error of refraction is | much in the 
direction of astigmatism or myopia. 

The lens is first found that with one eye closed gives the necessary 
magnification with the desired working distance. Two such lenses are 
then put in an ordinary trial frame, and a prism of about 6 d base down 
is placed in front of the right eye. The wearer will thus see two 

_images one beneath the other of the observed scale. Horizontal prisms 
are then placed base in before the eye until one is found that brings one 
image exactly below the other. A prism of half the strength is then 

- placed base in before both eyes. In the case of an emmetrope an 
average combination isa 6d sphere with a 4d prism. i 


Degenerative section of the nerves to the cat’s bladder. 
By T. R. 


Section of the inhibitor’ nerves, this be pre- 
ganglionic of the inferior splanchnics, or postganglionic of the hypo- 
gastrica, has. in each éase the same result, 
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is lessened, and the muselé remains shortened and in high tone: this 
tone is not, as in the normal animal, at once depressed by section of the 
pelvic motor nerves, The muscle becomes in all respects less flexible, 
being not so accessible to inhibition by. adrenalin and. moving stiffly 
when the pelvic nerves are stimulated, while from such contraction it 
relaxes slowly. To ether it reacts by further increase of tone, so that 
the examination must be made on pithed animals. 

The motor nerves run in the pelvic visceral nerves (nervi erigentes), 
each governing its own half of the bladder, and the ganglion cells lie on 
the wall of the bladder close to the entrance of the-ureters. Pre- 
ganglionic section of one nerve caused no abnormality in micturition. 
The side of the bladder affected soon regained tone, and in the first 


week was in so supple a condition as to provide a perfect illustration of — 


inhibition by the hypogastric nerve of that side. Thus four days after 
section the hypogastrics on a total volume of 40 cc. under 15 cm. 
pressure caused a contraction of 8 c.c., and then a relaxation of 45 c.c. 
Under such conditions inhibition was equally well obtained after the 
injection of 20 mgm. nicotine, proving the cell relays of these inhibitor 
nerves to lie in the inferior mesenteric ganglia, A fortnight later the 
inhibition was rather less extensive, and now another change became 
prominent. Stimulation of the surviving pelvic nerve caused complete 
contraction of: all the bladder. The contralateral effect was not a 
response of the decentralised half to increase of tensile pull, for.it did 
not result when the contraction was limited to one half by excitation of 
the postganglionic nerves on the wall of the bladder,. It disappeared 
after the injection of nicotine, and therefore must probably be ascribed 
to an outgrowth of preganglionic fibres from the sound trunk to the 
decentralised ganglia. 
Preganglionic section of both the nerves parnlyeed micturition. The 
muscle remained in very flexible condition, exhibiting always a good 
rhythm which was at once checked by the hypogastrics. After three 
weeks the cat was capable of partial micturition. In six weeks the 
following abnormality was found. The bladder was relaxed, but extra- 
ordinarily sensitive to impulses arriving by the hypogastrics, Even 
slight tugging at the nerves caused it not to relax, but to contract 
- forcibly. Adrenalin gave the normal relaxation: and after nicotine the 
‘wonted diphasic response, initial contraction and then full relaxation, 
succeeded to excitation of the hypogastrics. Though the .cat could 
thus compensate for loss of motor netves it was riot entirely dependent 
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on these new nervous ties. In one experiment the sacral cord was 


excised, that is the preganglionic motor nerves were cut beyond the 
possibility of regeneration, and subsequently the hypogastrics were cut. 
Thereby the bladder was not again wen but its evacuation became 
unconscious and incomplete. 

Denervation of the bladder was attempted by picking off the ganglia 
from its wall. The result was other than that when the motor nerve 
cells remained. The muscle lost its rhythm and tended to immobility : 


‘at times its tone was very high, at times moderate. It did not — 
well to faradisation. 


The contrast between the two conditions, the suppleness, the ee 
and the irritability of the muscle in connection with its motor ganglion 
cells, and its immobility in their absence, suggests a like analogy for 


striped muscle. Of these the external sphincter ani after section of its 


nerves reacts easily to stimuli and exhibits rhythmic movements. 
Perhaps an analogue of the visceral ganglion cells should be recognised 
here in the protoplasmic mass of “the motor nerve ending,” so that 
section of a motor nerve to striped muscle would correspond to pre- 
ganglionic section in plain muscle. This conjecture is in the closest 
agreement with the evidence supplied by the established bio-chemical 
tests, for nicotine and curare alike paralyse ganglion cells and the 
“motor nerve-endings.” It also agrees with the proof given by Langley 
and Anderson that the preganglionic nerves of the autonomic system 
are functionally interchangeable with the motor nerves to striped muscle. 
Upon such a view the efferent nerves from the spinal cord to striped 
voluntary muscle can be more nearly homologated with those to plain — 
muscle and gland cells which have been grouped pines od in the 


autonomic system. 


On the influence of chloroform on the growth of young 3 
animals. By A. SCHAPIRO. . 


The following observations—conducted regularly over & lak of 144 
days—were made at Dr Waller's suggestion in order to see whether or 
no animals, like plants, exhibit increased metabolic activity subsequent 
to ansesthesia :— 

Three kittens A, B, C, three days after birth, of approximately equal 
weight, and apparently equal health and vigour, were weighed, each day, 


‘one of the three kittens being chloroformed to unconsciousness, morning 
and evening, for a period of 48 days. 
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During the 1st period of 48 days, the normal kittens A and B gained 
in weight 175 and 250 grammes respectively, while kitten C, chloroformed 
twice daily, gained only 47 grammes. hes 

During the 2nd period of 48 days, kitten C@ that had been 
chloroformed for the first period, gained 569 grammes, while A, the 
normal kitten, gained 343 grammes, and B, chloroformed twice a 
during this period, gained only 200 grammes. 

During the 3rd period, B gained 582 grammes, C iained 387 grammes — 
and A, chloroformed twice daily during this gie: suffered a loss of 
weight of 218 grammes. - 

It appears from the above that there is sited of growth ities 
treatment with the drug, which is icin by eepeaiee: growth | 
during the subsequent period. 


Grammes, 
“A= 677|(-218) 
B= 1838} ( +887) 

| C = 1358}( +582) 

: A=552\(4175) . 
*C=877|(+47) C=946)(+569) 
1000 | 
800. 
12 24 36 48 60 72 64 06 j08 120 192 144 Days 


B=826 gr, ttt+ C= 830 gr. 
*=kitten under treatment 
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1904 chloroform A B Cc 
Aug 8 C 8775 326 2880 
9 882 881 330 
10 889 847 3888 
11 401 3859 888 
12 410 869 38651 
18 419 382°5 
15 4845 3888 868 
16 448  874°6 
17 458 885 
18 442 486417 «878 
19 450 405 2878 
20 465°5 4075 
22 4445 416 388 
23 464 4205 876° 
24 4755 488 882 
476 446  382°5 
29 4545 480 9882 
80 4725 386 
Sept. 1 479 «4001 
2 479 492 398 
8 488 500 408 
BS 485 478 409 
6 (Notel) 497 482 404 
7 512 
8 502 
9 (Note2) 481 472 871 
10 516 
12 524 
13 (Note3) 518 487 398 
14 507 
588 
16 556 
17 568 564 
19 (Note4) 512 588 406 
20 581 573 © 406 
21 586s 676 
22 582 
23 547s «576 
566 i564 «414 
27 574 4284 
28 610 601 444 
29 607 611 421 
30 641 646 444 
Oct, 1 598 
8 618 569 485 
4 634 583 468 
5 618 569 468 
6 659 597 . 462 
660 651 582 

8 688 667 6571 
10 
12 667 670 592 
14 649 629 555 


Note 1.—All kittens removed from mother and C 


Note 2.—Kittens put back with mother. 
Note 3.—No morning meal. 


Out of 19 Sundays (when food is not given to the animals—they 


Date Kitten under 
1904  chioroform A B 
. Oct. 17 B 681 644 605 
18 730 622 647 
19 769 672 680 
20 797 699 709 
21 787 675 717 
22 798 669 752 
24 746 627 696 
25 819 667 797 
26 835 720 830 
27 881 699 875 
28 916 700 924 
29 927 698 928 
81 872 665 866 
Nov. 2 887 683 867 
3 923 708 865 
4 885 734 882 
7 856 747 895 
8 914 740 927 
9 875 791 939 
10 881 798 912 
895 776 946 
14 A 827 828 903 
16. 765 885 922 
17 785 860 1000 
18 819 935 995 
19 804 967 1034 
21 813 895 1009 
22 776 963 1046 
23 760 1041 1004 
24 749 1060 1064 
25 778 «61111 1066 
26 746 
28 737 1031 1000 
29 731 1092 1025 
30 746 1082 1170 
Dec. 1 794 1148 #1102 
2 801 1194 1141 
5 723 1096 1096 
6 750 1179 #1197 
7 725 1210 #1170 
ee 718 1246 1244 
10 710 1205 1269 
12 707 1166 1138 
13 699 1245 1151 
14 714 1229 © 1275 
15 693 1234 1826 
16 730 41225 1278 
17 722 1278 1887 
19 720 1214 1285 
20 709: 1274 1465 
21 714 #12938 
22 722 1893 §=1880 
23 A 677 1858 +1333 
separated from the other two. 
Note 4.—No fresh food that day. 


receive double rations on Saturday), 14 were followed by a decrease in the weight of the 


I may perhaps be allowed to call attention to the fact that the series 
affords an unbroken succession of 270 administrations without accident. 
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